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Abstract 

NTL Engineering & Geoscience was requested to conduct a statewide research project and 
provide information and recommendations to assist the Montana Department of Transportation 
(MDT) with design of metal culverts. Under current sampling, testing, and analysis methods, 
MDT has experienced numerous failures within the design life of metal culverts. NTL has 
identified some factors we believe to be a part of the discrepancy between design and in-service 
pipe life. This report provides details of our research project, and provides recommendations 
based on data and analysis. 

Selection criteria for buried metal culverts varies widely between state agencies and private 
consultants primarily since a standard methodology for identifying environments corrosive to 
metal culverts, assessing corrosion potential, and selecting materials that will perform in 
accordance with design criteria have not been clearly defined in standard engineering literature. 
Although fundamental to design, these tasks are often difficult to perform and are subject to 
debate and variation within the design community. Corrosivity is dependent upon many 
variables and the interaction of soil with metal is likewise complex and multi-variant. Our 
research has focused on observed, in-place culvert conditions and selective testing of soil 
samples from these locations. Resistivity and pH were selected as the main indicators of culvert 
corrosion for this research. 

Although resistivity is a standard measure of soil corrosivity, numerous methods of preparing 
soils and measuring soil resistivity are accepted in practice with data then applied in a fairly 
generic manner to a relatively "standard" scale for assessing soil corrosion potential. NTL has 
performed corrosivity analysis based on the current MDT procedures for resistivity testing and 
pH along with other published test methods to evaluate the current MDT testing and analysis 
methods for selected sites in the various Districts. 

Our research has attempted to begin the framework for a more consistent and applicable 
methodology for corrosion assessment for the MDT. We recommend, in this regard, that the 
AASHTO T288 Minimum Soil Resistivity test method be adopted as the basis for resistivity 
determination. It is fiirther recommended that resistivity testing address the soil conditions 
expected to exist for backfill, foundation, and the adjacent drainageway as part of a culvert site 
investigation. 
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Introduction 

Current Montana Department of Transportation (MDT) standards for design of culverts are based 
on a 75 year service life. Although the state of practice for pipe design and selection has changed 
during the last 75 years, numerous premature failures have been identified in metal culverts by 
MDT District Offices and Hydraulics Section, which have cost the state considerable amounts of 
money to replace or repair. NTL Engineering, in cooperation with MDT, has conducted a 
statewide research project to address some of the factors affecting culvert/soil interaction and 
prediction of pipe life. 

Corrosion of buried metal structures is a complex process that is not easily defined or quantified. 
The task for engineers or designers whose job is to build systems in which metal will be in 
contact with a corrosive environment can be summarized as follows: 

• identify corrosive environments 

• assess the corrosion potential 

• select or design a material system that will provide the desired life and performance 
required for the system based on corrosivity analysis 

NTL Engineering has addressed these tasks in our research and this report presents 
recommendations for corrosion assessment. 

Soil sampling was conducted by MDT District personnel from 29 independent locations to 
provide a range of typical soil conditions encountered in the state. Sampling procedures included 
in Appendix A were developed by NTL and were presented to MDT personnel in charge of the 
sampling. The procedures and standardized sampling forms were used to provide a consistent 
selection and sampling protocol for collection of samples to be used for this research. An 
additional two sites were sampled by our engineer as a more detailed case study of two severely 
corroded culvert locations. 

Testing of selected corrosivity indicators and soil index properties was conducted by MDT and 
NTL. Corrosivity testing included current MDT "in-house" tests and other published tests 
relevant to corrosion assessment. Quality control testing was performed by the Montana State 
University (MSU) Soil Testing Laboratory. 

Analysis of corrosion potential was conducted using test data and current MDT pipe selection 
criteria, hidividual corrosivity test procedures were then compared based on correlations 
between observed culvert condition and calculation of culvert life expectancy. 
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Background 

Corrosion is a generalized term referring to the degradation of metal by reaction with the 
surrounding environment, but does not include mechanical degradation such as abrasion or 
damage due to impact or wearing forces. Corrosion is a natural and fundamental change driven 
by entropy theory: materials naturally trend toward a state of maximum disorder. Metallic 
elements exposed to a corrosive envirormient will therefore undergo oxidation, trending toward a 
more simple molecular structure. 

Corrosivity is the measure or ability of the environment to react with metal such that corrosion 
occurs. Numerous factors and combinations of singular factors contribute to the corrosion 
process; analysis of no singular parameter influencing corrosivity can adequately predict the rate 
or extent of corrosion. To understand the general corrosion process and factors affecting 
corrosion of buried metal, the following summary is provided. 

Corrosion Process 

Corrosion is most commonly driven by electrochemical reactions (Bradford, 2000). In the 
corrosion process, a chemical reaction causes the release of electrons (driving the electrical 
reaction) at the anode site which flow through the metal to the cathode site where they are 
absorbed in another chemical reaction. At the anode site, metals are dislodged from the culvert 
and electrons are released leaving a metal ion in the surrounding soil moisture or other 
electrolyte solution: 

Fe (iron) - F^^ (aqueous) + 2e' 

The released electrons pass through the medium of least resistance (usually the pipe) and react 
with free oxygen at the cathode site. If conditions at the cathode site are acidic, the reaction will 
proceed as follows: 

02 + 4H^* + 4e -2H2O 

If conditions at the cathode site are neutral or basic (alkaline), the reaction becomes: 

O2 + 2H2O + 4e - 40H- 

The ionic solution containing the Fe^"^ ions may ftirther react to form FcjOj (rust), which may 
coat the surface of the metal, retarding the corrosion rate. Other reactions may occur in oxygen 
deprived mediums, or if other metals are present. Typically, localized areas on the culvert 
surface will serve as the anode and the much larger portion of the culvert will provide a surface 
for the much slower cathodic reaction which creates a relatively fast and localized corrosion cell. 
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Electrochemical corrosion cells can be divided into three general categories (Gilmor et. al. 
1989). 

• Galvanic Cells 

Galvanic cells are formed when two dissimilar metals are in contact with an electrolyte; 
such is the case of a galvanized culvert with welded, cut, or damaged sections where the 
coating is reduced or eliminated leaving portions of steel and galvanization exposed to 
the soil or other medium. In this example, zinc ions will become detached from the 
coating and will loose electrons causing a current to flow and reactions similar to those 
shown above to occur. 

• Concentration Cells 

In contrast with galvanic cells, concentration cells are formed with nearly similar metals 
in contact with a nonhomogeneous electrolyte. A new culvert section with no major 
flaws in coating may be subjected to corrosion if the backfill soils are dissimilar. If some 
clay pockets were included in a predominantly sand or silt backfill and were placed in 
contact with the culvert, the culvert area in contact with the clay would become the anode 
and the larger portion of the culvert in contact with the sand or silt backfill would become 
the cathode, thereby causing a concentrated, discrete zone of corrosion. Likewise, 
layered systems such as a culvert placed in a trench on native soil, and backfilled with 
dissimilar soil may produce a concentration cell. Nonhomogeneous soils are 
commonplace and non-homogeneity can occur by virtue of varying soil types or any 
number of factors including varying moisture contents, oxygen levels, pH, etc. 

• Electrolyte Cells 

Electrolytic cells are driven by an external source of electrical energy (stray current) and 
are therefore not as common in culvert corrosion as concentration cells and galvanic cells 
in creating a corrosive environment. 

Other corrosion cells include biochemical, stress/fatigue, and crevice (Gilmor et. al. 1989). 
These conditions are not as common, but are possible causes of culvert corrosion. 

Factors Affecting Corrosion 

Corrosion cells can develop under various conditions and many factors affect the extent and rate 
of reactions. The primary envirormiental factors are electrical conductivity (resistivity), moisture 
content, pH, aeration, and the presence of microbes (Bradford, 2000). However, some additional 
factors that influence corrosion are: 

• Soil chemistry (mineralogy) 

• Texture, structure, and homogeneity 

• In situ soil density 

• Clay content/composition 
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• Buffering capacity 

• Soluble salt content 

• Cation exchange capacity (CEC) 

• Differences in soil potential 

Soil conditions are rarely homogeneous and are nearly always in flux, particularly in drainages. 
By virtue of their purpose for carrying water for either storm drainage or routing of an existing 
waterway, culverts are commonly subjected to large variations in soil moisture, oxygen content, 
and soil chemistry. Therefore, by design, culverts are a likely candidate for corrosion. Some of 
the major factors contributing to a corrosive environment are further discussed in the following 
paragraphs: 

• Resistivity 

Resistivity is probably the most commonly used indicator of corrosivity and is derived 
from the resistance of current flow through the soil medium. Resistance is a material 
property dependent on dimension, material composition, and temperature. The 
dimensional units of resistance are [\x 1 t"'] where |j,=the magnetic permeability of a 
vacuum, l=length, and t=time: the practical unit of resistance is the ohm. Resistivity is a 
proportional quantity equal to the resistance that a known volume of a substance offers to 
the passage of electricity and is defined by the following equation: 

where p=resistivity, R=resistance, A=area, and l=length. Typically, resistivity is 
recorded in units of ohm- cm. 

Resistivity can be measured in situ or in the laboratory from samples collected fi-om the 
field. Laboratory resistivity measurements can be accomplished by either remolding 
prepared soil samples into a box with integrated electrodes of known area and spacing, 
and recording the soil resistivity directly with a soil resistivity meter, or by preparing or 
extracting an aqueous solution from a soil/water dilution and reading the electrical 
conductivity (EC) of the liquid. In situ measurements are commonly performed by 
driving conductive electrodes into the soil at a known spacing or area. By applying a 
known voltage potential to the outer electrodes and measuring the current flow at the 
irmer electrodes, a bulk or average resistance value can be calculated. Electrode shapes, 
spacings, and configurations may be varied for application; however, the Wenner 4-pin 
configuration is typically used for engineering purposes. Because this test provides an 
average resistivity value, all components of the soil are averaged into the final resistivity 
value. The presence of cobbles/boulders, voids, fi-ozen earth, and the moisture content at 
the time of testing will influence the resistivity value. Therefore, a few measurements 
taken over a short time period may not provide an accurate design parameter. To provide 
confidence in the test results, many readings taken at different seasonal soil-moisture 
conditions must be provided for accurate design parameter determination. Because this 
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research project could not incorporate seasonal readings, laboratory methods were chosen 
for resistivity determination. 

There are many testing apparatuses and test methods for arriving at a resistivity value: 
laboratory test methods used in this project are discussed subsequently in more detail. In 
addition to a variety of test methods, many factors influence the determination of 
resistivity. Moisture content, density, temperature, and measured constituents all have a 
substantial impact on the resistivity value and are also discussed subsequently. 

Resistivity is an important factor in assessing corrosion potential. The information 
obtained from resistivity measurements is typically interpreted in a general sense: low 
resistivity values indicate low impedance and high current flow, whereas high resistivity 
values indicate high resistance to the passage of current. However, some corrosion 
assessments use resistivity values directly in mathematical relationships to predict metal 
loss or pipe life. Figure 1 suggests one of several possible variations (depending upon 
author/publication) for general assessment of corrosion potential based on soil resistivity: 



Resistivity Range Steel 
ohm-cm Corrodibility 


Years to Penetrate 
Sheet Steel 


<500 very severe 
500-1,000 severe 
1 ,000-2,000 severe to moderate 
2,000-5,000 moderate to slight 
5,000-10,000 slight 
1 0,000- 1 ,000,000 slight to none 


1-5 
5-10 
10-15 
15-20 
>20 


Figure 1 Corrosion Assessment Table reproduced from Practical Handbook 
of Corrosion Control in Soils (Bradford, 2000) 



Depending on the source, the break in resistivity values between a corrosive and 
moderately corrosive environment varies considerably. For example, the break between 
a corrosive and a mildly corrosive condition occurs at approximately 2,000 ohm- cm as 
shown in the table above as compared to 5,000 ohm-cm from a scale published by the 
Cast Iron Pipe Research Association (Corrosion Potential 1970). In the 1940's, a 
resistivity threshold of 10,000 ohm- cm was accepted for design; however, studies within 
the last decade have shown that corrosion due to bacteria, dissimilar metals, oxygen 
concentration cells, and other factors can create a corrosive environment even near the 
10,000 ohm-cm threshold (Fitzgerald, 1993). Due to the variability of methods and 
scales, interpretation of resistivity is typically selected and adapted by local practice or 
experience. 

pH 

Although resistivity is generally considered a good indicator of corrosive potential, in 
acidic soils, pH also has a significant effect (Bradford, 2000). Acidity can have multiple 
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effects on the soil/metal interaction. By increasing the free H"^ concentration, corrosion 
reactions may be accelerated, and general soil chemistry and biological factors may be 
altered thereby affecting soil corrosivity. Measurements of soil acidity can be 
determined as active, exchangeable, or hydrolyzing. Typically, some dilution of soil and 
water are collected from a site and a standard pH meter is used to obtain acidity data. 

• Moisture Content, Drainage, and Aeration 

Moisture content, drainage, and aeration are complex parameters that can influence the 
corrosivity of a particular environment. Due to the nature of culverts, moisture content 
and aeration are likely to vary along the length of the culvert and also will vary with 
seasonal water flow and peak drainage demands. Water flow can carry ions from 
surrounding soils through a seemingly inert soil backfill; for example, a sand material 
with a high resistivity used as a pipe backfill can become a corrosive environment due to 
transport of minerals through groundwater flow. Likewise, the homogeneity of a soil 
backfill may be altered by varying fluid flow and differences in moisture content and 
aeration within the influence area of the pipe. Anodic conditions can develop near the 
bottom of a culvert resting on moist or saturated, poorly aerated native soil when the 
backfill near the invert is aerated and less moist. 

It is suggested that the corrosivity of an envirormient becomes significantly less when the 
ratio of moisture to porosity is less than 20 percent (dry conditions) or greater than 80 
percent (near saturation) (Bradford, 2000). However, soil resistivity is also dependent 
upon moisture content; resistivity generally decreases with increasing moisture content 
and increasing concentration of dissolved ions in the soil moisture. Therefore, even if 
soils become saturated and less oxygen is available, the bulk soil resistivity may become 
lower and lead to corrosive conditions. These conditions are difficult to assess and are 
likely to vary considerably around a culvert section subjected to seasonable changes. 

Biological corrosion may also be enhanced in moist, poorly drained soil conditions that 
can occur in pipe backfills near the center of the culvert section. These particular 
conditions provide a suitable environment for sulfate-reducing bacteria and other, 
anaerobic bacterial colonies. Redox potential is an indicator of possible environments for 
growth of anaerobic bacteria. Low and negative redox potentials may be indicative of 
this type of corrosive environment. 

• Soil Chemistry/Composition 

Textural assessment of soils is often used as a guideline for identifying potential 
corrosive environments. Clay and organic soils are typically more corrosive than 
granular soils. Also, disturbed soils are likely to be more corrosive than undisturbed, 
native soils. Soil chemistry is also used in corrosion analysis. High concentrations of 
calcium and magnesium carbonate may reduce corrosion potential by increasing pH and 
creating a protective film or precipitate on the metal surface (Bradford, 2000). High 
chloride and sulfate concentrations typically indicate more corrosive environments. 
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It should be stressed that the corrosivity of an environment is based on multiple, independent 
(and interdependent) variables and their interaction. No single parameter dominates the 
corrosion process, and therefore a combination of individual indicators is needed to accurately 
evaluate the corrosive potential of a particular environment. 

Corrosion Assessment 

The inherent complexity of soil corrosion creates great difficulties in estimating a reasonably 
valid service life prediction for a given site. No single corrosion contributing factor can be 
utilized to assess corrosion potential of a metal pipe/soil system. At the present, corrosion 
assessment is typically based on experience; no singular, standardized methodology is used in 
highway departments or private consulting firms. 

A vast collection of current literature on corrosion of steel piling and bridge safety, rehabilitation 
and replacement can be obtained in technical journals, design manuals, and other research 
oriented papers; however, few papers relating to the corrosion of steel culvert sections have been 
published. Corrosion of culverts has typically received less attention than bridges, primarily due 
to the significantly lower budget and profile (Dively 1992). Nevertheless, premature corrosion 
of culvert sections may present safety risks and certainly increases maintenance costs and, in 
some cases, requires replacement before the required service life. 

Different sources site varying methods of assessing corrosion potential. These diverse methods 
consider different parameters including chart solutions, numerical methods, statistical 
correlations, and general "rules of thumb". Some of the methods are described below: 

• Chart Solutions 

Graphical chart solutions typically relating soil resistivity, pH, and steel gage have been 
published by the Transportation Research Board (NTL, 1978), the American Iron and 
Steel Institute (AISA, 1994), and the California Department of Transportation 
(NTL, 1972). These charts contain resistivity on a log scale, pH as turning lines and pipe 
life on an arithmetic scale, with a multiplier to account for gage thickness. The Utah 
Department of Transportation also published a graphical chart solution (Leatham,1977) 
relating soluble salts, pH, and resistivity to life expectancy scales for different pipe 
classes (coatings). 

• Statistical Correlations 

In 1991, Corpro Companies, Inc. prepared a report entitled "Condition and Corrosion 
Survey on Corrugated Steel Storm Sewer and Culvert Pipe" for the National Corrugated 
Steel Pipe Association (Bushman et al., 1991). This report included development of a 
spreadsheet that would predict an average service life (which is defined in their work as 
the time to first perforation multiplied by a factor of two) for a steel section with given 
pH, resistivity, moisture content, and chloride ion concentration. The spreadsheet 
reportedly uses a statistical relationship based on a population of data collected by 

8 
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Corpro and others. Neither the spreadsheet, mathematical manipulation, or other 
information was made available to NTL upon our request to the authors, Corpro and 
Warren Rogers Associates, Inc. 

• General "Rules of Thumb" 

Numerous rating scales can be found in literature relating singular parameters such as 
resistivity to a general corrosion category. An example of this treatment is shown in the 
section Factors Affecting Corrosion of this paper. More complex rating systems 
requiring input from several contributing factors are available through such sources as the 
METALogic website (Bogaerts, 1988) and the publication Practical Handbook of 
Corrosion Control in Soils (Bradford, 2000). These rating systems assign point values to 
factors such as resistivity, pH, sulfides, redox potential, and moisture content. The points 
are totaled and applied to a scale that rates the relative corrosivity of the environment. 

• Selected Department of Transportation Methods 

The Wyoming Department of Transportation uses the Caltrans method of resistivity 
testing and uses galvanized steel culverts in all areas with resistivity values greater than 
1000 ohm- cm and pH greater than 6 (Branson et al., 2000). The culverts are expected to 
have a minimum design life of 25 years. If resistivity values of less than 1000 ohm-cm, 
or if pH values are lower than 6, the Department considers concrete pipe or in some 
cases, alternate pipe coatings. 

The Idaho Department of Transportation uses the same resistivity criteria as the 
Wyoming Department of Transportation; however, design service life is expected to be 
75 years (Stanley, 2000). The Idaho Materials Bureau reports several pipe failures not 
meeting the desired 75 year service life. 

The Montana Department of Transportation uses a modified AISI algorithm for 
estimating the average service life of culvert sections (MDT, 1996). This method 
consists of a mathematical solution for pipe life based on resistivity alone for pH values 
greater than 7.3, and resistivity and pH for lower pH values. Resistivity values are 
currently determined from a 1 :2 soil and water dilution. The average service life is then 
multiplied by a specified factor to correct for varying steel gages and pipe coatings. 
These equation solutions are limited by a set of culvert service life guidelines outlined in 
the MDT Culvert Design Manual (MDT, 1996). 
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Statewide Corrosivity Research Project 

Due to the frequently observed inadequate service life of some metal culvert installations 
(designed under the current MDT culvert selection procedures) and the costs of repairing or 
replacing these culverts, MDT has been searching for improvements to their current corrosion 
design methodology. NTL has, therefore, been selected to conduct research to evaluate culvert 
selection methods as a function of observed culvert conditions and testing as applicable to a 
number of installations across the state. The scope and intent of this research has been discussed 
previously, but generally was intended to provide recommendations on soil sampling techniques, 
corrosion assessment testing, and design philosophy for metal culverts. 

Sampling 

For the purpose of collecting a wide range of soil samples from culvert areas throughout the 
state, the services of the five MDT District Offices was sought. During the sampling phase of 
this research, each MDT District Office collected samples based on a selection criteria and 
sampling procedure prepared by NTL. The site selection and sampling procedures are included 
in Appendix A and are briefly summarized in the following paragraphs: 

• Test Site Selection 

The intent of this project was to collect samples encompassing a wide range of soil 
conditions through a statewide sampling program; therefore, each District was 
encouraged to select suitable sample locations generally targeting the following criteria: 

Areas of Poor Culvert Performance 

These areas were defined as having historically documented poor culvert 
performance relating to corrosion of corrugated steel culvert pipes. The intent of 
selecting these areas was to collect soil samples from in-place culverts that have 
or were in the process of reaching the end of their serviceable life, preferably 
before the expected (designed) service life. 

Areas of Fair to Good Culvert Performance 

These locations were to be selected from areas that had long-term historical data 
indicating a generally low corrosive environment for the purpose of including a 
range of corrosive to non-corrosive environments. 

Historically Identified "Hot" Areas 

This category was added in the event that a particular District could not identify 
prematurely corroded culverts, but had identified certain areas as potentially 
highly corrosive environments. These areas would likely include buried metal 
installations (ie. signposts, driven piling, etc.) that have shown signs of corrosion 
although no culvert sections may be present. 
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Areas of Proposed New Construction/Borrow 

This category was also included to provide samples from a 
realigmnent/rehabilitation construction project currently in planning or progress. 
This type of area would likely include historical data from existing culverts. 

Locations meeting the requirements of the first two culvert performance criteria ("poor" 
and "fair to good") were to be given high priority in test site selection. However, other 
locations of particular interest to the districts could also be considered based on 
collaborative review of appUcability by MDT and NTL. 

Upon selection of appropriate test sites, a Sample Log sheet was completed by District personnel 
for each test location. These log sheets contained information on general site conditions, culvert 
specifications/condition, sampling locations/descriptions, and additional site specific information 
observed during sampling. Log sheets submitted by the District Offices are included in Appendix 
B. A summary of site locations and culvert information (as reported by MDT) is given below 
(Figure 2) 



Disi 



IDT 


MDT Site 


County 


Highway 


Milepost/ 


Culvert 


Condition 


Coating 


Length 


Diameter 


Age 


strict 


Identification 






Station 


Type 






(ft) 


(in) 


(yr) 




Dl-Sl 


Missoula 


US 93 


71 


CSP 


Fair 


asphalt 


120 


108x60 


20 




D1-S2 


Missoula 


MT200 


7.7 


esp 


Good 


blakclad 


60 


24 


15 




D1-S3 


Ravalli 


US 93 


42.1 


CSP 


Good 


Bituminous 


300 


54 


20 




D1-S4 


Sanders 


MT35 


13.1 


CSP 


Good 


galvanized 


50 


24 


20 




D1-S5 


Sanders 


MT28 


12.9 


CSP 


Good 


galvanized 


80 


36 


25 




D1-S6 


Lake 


MT212 


5.7 


CSP 


Fair 


galvanized 


100 


24 


20 




D1-S7 


Lake 


MT5 


93 


CSP 


Fair 


galvanized 


45 


108x72 


30 




1 


Lincoln 


US 2 


76 


CSP 


Good 


none 


92.8 


24 


3 




2 


Lincoln 


US 93 


185.5 


CSP 


Good 


none 


52 


24 


15 




3 


Lincoln 


US 93 


163.8 


CSP 


Good 


none 


150 


24 


9 




4 


Flathead 


MT40 


2.2 


CSP 


Good 


none 


152 


24 


20 




1(5) 


Sanders 


MT28 


20.8 


CMP 


Fair 


none 


120 


120 


48 




1(6) 


Flathead 


MT82 


1.4 


CMP 


Good 


none 


54 


24 


15 




1(7) 


Flathead 


MT83 


87.25 


CMP 


Good 


none 


130 


72 


20 




1(8) 


Flathead 


JCT35 


45 


CMP 


Good 


none 


100 


48 


5 


2 


D2,S1 


Madison 


MT41 


45 


CSP 


Poor 


galvanized 


48 


24 


64 


2 


D2,S2 


Madison 


MT41 


50.3 


CSP 


Fair 


galvanized 


56 


69x48 


64 


2 


D2,S3 


Meagher 


US 89 


40.1 


CSP 


Poor 


galvanized 


58 


18 


70 


2 


D2,S4 


Meagher 


US 89 


45.7 


CSP 


Poor 


galvanized 


44 


24 


70 


3 


Sitel 


Teton 


115 


303 


CSP 


Poor 


galvanized 


200 


30 


30 


3 


Site 2 


Chouteau 


R22B 


34.2 


CSP 


Good 


epoxy 


194 


36 


10 


3 


Site 3 


Teton 


115 


301.4 


CSP 


Good 


galvanized 


75 


12 


30 


4 


D4,S1 


Carter 


MT323 


793+39.44 


CSP 


Poor 


galvanized 


176 


40 


23 


4 


D4,S2 


Valley 


MT2 


580.7 


CMP 


Poor 


galvanized 


74 


30 


30 


4 


D4,S3 


Prairie 


194 


174.8 


CSAP 


Poor 


galvanized 


80 


27 


? 


4 


D4,S4 


Prairie 


194 


556+29.66 


CSP 


Poor 


galvanized 


282 


60 


7 


5 


Sitel 


Yellowstone 


190 


485.54 


SSPPA 


Good 


black mastic 


222 


128 X 83 


28 


5 


Site 2 


Petroleum 


MT200 


147.95 


SSPPA 


Poor 


galvanized 


164 


138 


46 


5 


Site 3 


Carbon 


MT310 


35.7 


CSP 


Fair 


galvanized 


116 


72 


32 


5 


Site 4 


Carbon 


MT78 


19.8 


CSP 


Good 


galvanized 


64 


78x70 


41 



Figure 2 Summary of Site Locations and General Culvert Information 
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Collection of at least 16 soil samples from approximately 4 different site locations was requested 
firom each District Office. Specific sampling techniques and sample location selection criteria 
were outlined in our Sampling Procedure documentation provided in Appendix A. It was 
required that soil samples be representative of the enviroimient in question and natural moisture 
content at the time of sampling be preserved by prompt collection and sealing of sample bags. 
Additional sampling included water samples and culvert coupons in selected locations. 
Photographs were included for most test locations. Representative photographs are included in 
Appendix C. 

Testing 

For this research project, resistivity, pH, sulfate, and chloride testing was performed to assess 
corrosion potential. Although several other parameters may be used in the evaluation of 
corrosion potential, these four common parameters were selected as practical, necessary 
parameters for corrosion assessment. Published methods including AASHTO T288 (American 
Association of State Highways and Transportation Officials, 1998), ASTM G57 (American 
Society for Testing and Materials, 1995), and Caltrans 643-C (State of California, Department of 
Public Works, 1972) were considered for the determination of soil resistivity. Results of 
previous research conducted by NTL suggests the AASHTO test method is the most reasonable 
and widely used of the published methods currently used in practice. The Caltrans method is 
similar to the AASHTO T288 method, however, it does not specify a seasoning or equilibration 
time. The ASTM G57 method for soil box testing uses a 24 hour minimum recommended 
seasoning time; however, this method tests only one moisture content at a nearly saturated 
condition rather than testing several points to establish the minimum resistivity. The AASHTO 
T288 treatment was therefore chosen for this project, since an equilibration time is specified for 
solute transport to occur and the lowest margin of error in terms of moisture content and density 
variations occurs near saturation where the minimum resistivity is often found. 

The bulk soil samples recovered during the field investigation were transported to our laboratory 
where they were carefiiUy inventoried and given individual identification numbers. The samples 
were thoroughly mixed and single-point, as-received resistivity and moisture content testing was 
performed. The samples were then air dried, re-mixed, and mechanically split into several 
smaller portions for additional laboratory testing. Atterberg limits (ASTM D4318), particle-size 
distribution (ASTM D422 and D1140), and minimum resistivity (AASHTO T288) testing was 
performed on all samples. Where applicable, additional resistivity testing was conducted with 
water collected from the particular site. Individual samples were also split and shipped to the 
MDT Materials Laboratory in Helena and to the MSU Soil Testing Laboratory in Bozeman. The 
MDT Materials Laboratory ran their own in-house corrosivity test battery including 1:2 dilution 
conductivity, pH, marble pH, sulfate, and chloride testing (Buell et al., 2001). Additional 
conductivity testing (1:1 dilution and saturated paste) and water sample conductivity testing was 
also conducted by the MDT (Buell et al., 2001). Test results are provided in tabular form in 
Figures 13 to 19 of Appendix D. A brief description of the testing is provided in the subsequent 
paragraphs. 
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The MSU Soils Testing Laboratory (MSU) located in Bozeman, Montana was chosen to provide 
quality control testing for NTL and the MDT Materials Laboratory. Approximately 15 percent 
of the samples tested for this study were sent to the MSU laboratory for conductivity, resistivity, 
pH, sulfate, and chloride testing (Gavlac et al., 1994 and Diamond, 1994). 

• Soil Box Resistivity Testing 

As-Received Resistivity Testing 

Upon receiving the samples from each of the District Offices, the samples were mixed at 
field moisture and compacted into the soil box to obtain an as-received resistivity value 
prior to processing and splitting for other testing. Soil samples containing gravel were 
screened over a No. 4 sieve, whereas sand and clay soils were mixed and tested with no 
further processing. The purpose of obtaining an as-received resistivity value was to 
collect a "snapshot" of the sample resistivity at natural moisture content with reduced 
disturbance created by mixing and drying. 

AASHTO T288 Testing 

Once the as-received resistivity testing was complete, the samples were screened to 
remove particles retained on a No. 10 sieve and air dried to prepare the samples for 
AASHTO T288 testing. Approximately 1500 grams of air-dried soil was then placed in a 
plastic beaker, combined with 150 grams of distilled water, and allowed to season 
overnight. The seasoned sample was then placed, with moderate finger pressure, into the 
soil box and the resistivity recorded. The soil from the box was then re-mixed with the 
rest of the sample and an additional 100 grams of water added to the sample. The 
AASHTO T288 test method requires repeated testing of the sample with cumulative, 
incremental water addition until a minimum resistivity has been obtained. 

When plotted against moisture content, the AASHTO T288 resistivity points produce a 
generally smooth curve sweeping through a resistivity range that may span several orders 
of magnitude. This curve typically has a steep negative slope in the range of possible 
field moisture conditions, but levels off near saturation. Beyond saturation, the resistivity 
increases slightly and is presumed to reverse curvature and reach an asymptotic value of 
the characteristic resistivity of pure, distilled water as the soil is diluted to a 
supersaturated solid suspension. Small changes in moisture content for relatively dry soil 
samples will produce large changes in resistivity; however, small changes in moisture 
content for samples near saturation will produce smaller changes in resistivity. 

The resistivity reading for each moisture addition is also a fiinction of soil density. At a 
given moisture content, the resistivity of a sample can be varied by changing the amount 
of soil placed in the soil box. For samples with a moisture content below saturation, 
resistivity will decrease with increased density. The decrease in resistivity is not linear 
and will change more rapidly between a loose and medium dense condition than between 
a medium dense to dense condition. The "moderate finger pressure" specified by 
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AASHTO T288 is somewhat subjective and is dependent on the operators interpretation; 
however, near saturation where the minimum resistivity is typically reached, relative 
density makes very little difference as more of the pore space is occupied by water and 
cannot be compressed to a higher density without expelling water. 

• Analytical Resistivity Testing 

Saturated Paste Conductivity (Resistivity) 

A saturated paste conductivity test utilizes a conductivity probe rather than a soil box to 
arrive at a resistivity value. Soil is prepared by placing approximately 250 to 500 grams 
of air dried soil into a beaker and adding water to the soil until three criteria are met: a 
light "sheen" of water should glaze the surface when shaken vigorously from side to side, 
the soil should retain near vertical walls with slight collapse when a small soil spatula is 
struck through the soil, and a fraction of soil placed on the side of the blade should 
"flow" from the blade when inclined from the horizontal plane. Once these criteria are 
met, the soil/water paste is allowed to sit for 24 hours and the water is exfracted through a 
high flow rate filter paper using a Buschner funnel attached to a vacuum chamber. 
Electrical conductivity (E.C.) is measured from the extract and can be readily converted 
to resistivity. Alternately, the electrical conductivity probe can be inserted directly into 
the soil paste without extraction to obtain a conductivity. The procedure for preparing a 
saturated paste is described in many soil testing manuals such as the Methods of Soil 
Analysis (Page et al., 1982). 

Soil/Water Dilution (1:1, 1:2, 1:3, etc.) Conductivity (Resistivity) 
For this type of test one part of air-dried soil is combined with one or more parts water to 
reach the desired dilution factor. The proportions of materials (water and soil) are 
typically measured by weight, however, some test procedures (such as the current MDT 
method) are measured by volume. The mixture is then shaken for a given time period 
(typically 30 minutes), allowed to settle, and electrical conductivity is measured on the 
solution directly with or without filfration. The resulting conductivity value is likewise 
converted to resistivity. 

• pH, Sulfate, and Chloride Testing 

Soil acidity/basicity can be measured on soil water extractions or dilutions and may 
provide a measure of active, hydrolyzing, or exchangeable acidity. Soil is usually 
prepared as a saturated paste or dilution and measurements taken with a glass/calomel 
electrode. Exchangeable acidity (more commonly referred to as total acidity) is probably 
the most common measurement; however, slightly lower pH readings may be obtained 
since total acidity also measures hydrogen atoms that are loosely bonded to metallic 
cations. Exchangeable acidity testing was conducted by MDT and MSU. 
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Sulfate and chloride concentrations may also be obtained by several different methods 
using different extraction mediums and concentrations with different detection methods. 
For corrosivity analysis ASTM and AASHTO procedures are commonly used for the 
determination of chloride and sulfate concentration. 
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Discussion of Testing, Analysis, and Results 



Complete results of the index property, resistivity, sulfate, chloride, pH, and quality control 
testing are provided in Appendix D and Appendix F. Discussions regarding the quality of 
resistivity and sulfate/chloride/pH testing is provided in the subsequent sections. 

Resistivity Testing 

All four of the resistivity test methods conducted for this study were found to provide a different 
resistivity value for the same sample. For comparison purposes, the following graph (Figure 3) 
shows the analytical test results (as reported by MDT) plotted against the minimum resistivity as 
determined by NTL. 



AASHTO T288 vs Chemical Analytical 

40000 




1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 

AASHTO T288 Min. Resistivity (ohm-cm) 
Figure 3 Comparison of Resistivity Test Data 
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The data markers, presented as triangles, circles, and squares, show the resistivity (on the y-axis) 
obtained by saturated paste, 1:1 dilution, and 1:2 dilution test methods respectively; therefore, 
each sample is represented by a vertical set of three data markers. Each vertical set of data 
markers is plotted against the corresponding AASHTO T288 minimum resistivity for that 
sample. The line represents the AASHTO T288 minimum resistivity on the y-axis. For 
example, sample D1-S5 had an AASHTO T288 minimum resistivity of 8,800 ohmcm, a 
saturated paste resistivity of 9,174 ohmcm, a 1:1 dilution resistivity of 10,101 ohmcm, and a 1:2 
resistivity of 18,867 ohm-cm. From 8,800 on the x-axis (minimum resistivity) the data set for 
each of the analytical resistivity tests can be found in a vertical projection above the x-axis at 
their corresponding resistivity values on the y-axis. For the majority of the samples, the 
AASHTO T288 minimum resistivity found the lowest resistivity of the methods used for 
resistivity testing. 

To further illustrate the variability of test results for relatively low resistivity soil samples tested 

by the MDT procedures and AASHTO T288, Figure 3 has been reproduced below (Figure 4) and 

re-scaled to show only samples with minimum soil resistivity (as determined by AASHTO T288) 

of 2,750 ohm-cm or less. Each shaded, square marker on this graph corresponds to a single 

sample whose AASHTO T288 minimum resistivity is obtained from the vertical projection to the 

X-axis and whose 

MDT 1 :2 resistivity is AASHTO T288 vs Chemical Analytical 

obtained from a 

horizontal projection 

to the y-axis. For 

example, two of the 

samples had 

AASHTO T288 

minimum resistivity 

values of 

approximately 1,500 

ohm- cm and the same 

samples had MDT 1:2 

resistivity values of 

approximately 4,000 

and 5,000 ohm-cm. In 

view of the obvious 

variability in 

resistivity values that 

are obtained for the 

same sample using 

the different methods, 

it is understandable 

why there exists 

difficulty in relating 

resistivity to 

corrosivity using the same analysis method. 
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The major differences in the analytical conductivity testing methods employed for this project 
are the amount of water added to the soil and the equilibration time. Saturated paste moisture 
contents vary with soil texture-that is, fine-grained soils will have a higher gravimetric moisture 
content than coarse-grained sand soils. Dilution methods (1:1 and 1:2) are typically prepared by 
adding one or two parts of water to one part of soil (by weight); therefore, the gravimetric water 
contents are equal for all soil textures. In the case of dilution methods prepared on a volumetric 
basis, however, gravimetric water contents will vary in relation to the specific bulk density of the 
soil and will therefore will vary slightly for different soil textures. At moisture contents well 
above saturation, conductivity will generally decrease, and resistivity will increase as more water 
is added (approaching 1:1 and 1:2 dilution moisture contents). Therefore, for the analytical tests, 
the saturated paste should give the lowest resistivity followed by the 1:1 dilution with a higher 
resistivity and 1 :2 with the highest resistivity. This trend of increasing resistivity can generally 
be seen in Figures 3 and 4 as square markers are typically higher than circle markers which, in 
turn, are higher than triangular markers. The conductivity/resistivity data submitted by MDT 
generally follows this pattern; however, approximately 10 percent of the 1:1 dilution resistivity 
results were higher than the 1 :2 dilution results and 28 percent of the saturated paste resistivity 
values were higher than the 1:1 dilution resistivity values. Therefore, some fimdamental 
inconsistency may be present with the currently used test method. 

Quality control tests were performed by MSU to evaluate reliability and reproducibility for the 
testing methods used for the study. Quality control samples were split from the same mixed 
sample as were sent to MDT for testing, and should therefore be expected to produce similar 
results independent of the individual laboratory equipment and laboratory technician. A 
graphical comparison of test results from the MDT and the MSU test results for the quality 
control samples is provided in Figure 5. The triangular, circular, and square markers denote a 
single quality control sample tested by MSU and MDT by saturated paste, 1:1 dilution, and 1:2 
dilution test methods respectively. Each marker corresponds to MSU determined resistivity on 
the y-axis and MDT determined resistivity on the x-axis for the same sample. The solid line 
represents complete agreement/correlation between MSU and MDT. 

It should be noted that MSU conducted the 1:1 and 1:2 dilution testing on a gravimetric basis 
and the MDT conducted 1 : 1 and 1 :2 dilution testing based on volimietric methods. Therefore, 
some subtle differences between the two testing lab results of the 1:1 dilution and 1:2 dilution 
tests between the MDT and MSU is to be expected due to the difference in gravimetric moisture 
contents of the soil/water specimens. The saturated paste testing, however, should be similar as 
the methods for these tests varied to a lesser degree between the MDT and MSU laboratories. 
Testing procedures for all MDT and MSU tests have been documented and may be obtained 
from MDT or NTL Engineering & Geoscience. 
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Since the two sets of data are largely scattered, duplicate quality control samples were re- 
submitted to each laboratory to show the expected reproducibility for each laboratory 
independently. The comparison table (Figure 6) shows the average maximum error and the 
maximum standard error between the data submitted by MDT and MSU and also shows the 
errors for the comparison samples tested twice by each laboratory. An effort was made to 
correlate the MSU gravimetric test results with MDT volumetric test results for the 1:1 and 1:2 
dilution testing by applying a constant factor equal to an assumed bulk density for each of the 
sample results. Bulk densities of 0.9 to 1.5 were assumed for the range of textural 
classifications. This correlation correction did not significantly alter the average or maximum 
standard error shown in Figure 6. 
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paste 
Avg Max Std Err 227.1 
(%) 
Max Std Err (%) 538.6 


1:1 
56.3 

153.2 


1:2 
49.2 

194.7 
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MDT vs MDT 


MSU vs MSU 


paste 1:1 1:2 


paste 


1:1 1:2 


17.6 17.7 38.5 


24.1 


5.6 28.1 


65.2 66.8 342.0 


78.1 


8.7 66.3 



Figure 6 standard Error of Chemical Analytical Resistivity Test Data 

Due to the variability of test results, the errors were calculated by dividing the absolute value of 
the difference between the two resuhs by the average of the results. Average standard errors of 
these magnitudes are substantially higher than would be expected since testing procedures were 
nearly identical for the duplicate testing and may indicate that there are inherent problems with 
the test procedure. Errors could also be attributed to machine calibrations, temperature 
corrections, or laboratory technique. For resistivity values greater than about 5,000 ohmcm, a 
difference in resistivity values of about 40 percent would not likely change the pipe selection in 
an analysis because soils with resistivity values greater than 3,000 ohm- cm are typically not 
considered corrosive to plain, galvanized steel. However, below 5,000 ohmcm and particularly 
near 2,500 ohm-cm, a difference in resuhs even as low as 10 percent can potentially lead to 
erroneous design conclusions and the designer may select a pipe that will not perform as 
required for the actual conditions. As can be seen from Figure 6, the average maximum standard 
error is substantially greater than 10 percent. 

As a ftirther check of possible equipment error, four standardized solutions of potassium chloride 
(with known conductivity properties ranging from 8,974 |j,S (111 ohmcm) to 84 \iS (11,905 
ohm-cm)) were purchased from Fischer Scientific. These standard solutions were sent to MDT 
and MSU and each laboratory ran conductivity testing on the samples. Both laboratories 
submitted fairly consistent resistivity results with an average standard error of 7.5 percent. Since 
the standards were aqueous solutions and the error was much less as compared to the resistivity 
of the soil samples, it is likely that the abnormal standard error percentages described above may 
be more closely attributable to sample preparation than equipment error. 

Quality control testing for the AASHTO T288 Resistivity was also conducted by MSU. Eight 
samples were shipped to MSU along with the NTL soil resistivity meter and soil box. Figure 7 
shows the AASHTO T288 minimum resistivity as determined by NTL versus the AASHTO 
T288 minimum resistivity reported by the MSU. Since NTL equipment was used for the quality 
control testing, the results are not a comparison of different soil boxes or meters, but rather are a 
check on sample preparation, machine calibration, and individual technician technique. 

Quality control testing for all three laboratories indicates that the AASHTO T288 test method is 
more repeatable between independent laboratories than the analytical resistivity methods. The 
average maximum standard error and the maximum standard error calculated from the soil box 
quality control samples were approximately 7 and 25 percent respectively; substantially lower 
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than the error calculated for the 1 :2 conductivity testing. Since MSU had not had any experience 
with soil box resistivity testing, it appears that a laboratory with little or no experience with this 
testing method and/or equipment can utilize the AASHTO T288 test method (and required 
equipment) with reasonable confidence and accuracy. 
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Figure 7 
pH, Sulfate, and Chloride Testing 



Quality Control Testing for AASHTO T288 Soil Box 
Resistivity Testing 



Exchangeable acidity measurements from MDT and MSU prepared from saturated paste, 1:1, 
and 1:2 dilutions were comparable in magnitude and did not appear to vary enough to change 
pipe life predictions to a large degree. The methods used by MDT appear to be practical and 
sufficient for corrosivity determination. 

Sulfate and chloride test results from MDT and MSU showed more variance than the resistivity 
testing. The difference between values for these parameters were such that no correlation or 
explanation can be given as to the factors affecting magnitude nor potential causes for the 
differences in values reported by each laboratory. For consistency and credibility, the ASTM and 
AASHTO procedures should be used for determination of chloride and sulfate concentration. 
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Culvert Life Predictions 

Culvert conditions at each test site were recorded by MDT District personnel during the sampling 
phase, and where possible, specific information about pipe coatings and age were noted. Using 
this information and resistivity test data measured by current MDT and AASHTO T288 test 
methods. Figure 8 has been produced to relate existing pipe condition with each resistivity test 
method. 



Culvert 
Condition 



Resistivity 

Range 

(ohm-cm) 



AASHTO T288 



Culvert Age Range (years) 
0-25 25-50 50+ 




MDT 1:2 



Culvert Age Range (years) 
0-25 25-50 50+ 



Figure 8 Number of Resistivity Tests Within a Given Resistivity Range 
for a Specified Culvert Condition 

hi general, one would expect poor pipe conditions in nearly all age ranges for low resistivity 
values (less than 2500 ohm-cm) and good culvert conditions for high resistivity values (greater 
than 2500 ohm-cm); although some divergence could be expected for very young culverts in a 
resistivity range of less than 2500 ohm-cm and very old culverts in a resistivity range of greater 
than 2500 ohm-cm. For the poor culvert condition shown above, 51 of the samples had a 
resistivity of less than 2500 ohm-cm and only 1 of the samples (greater than 50 years old) 
exceeded that value as determined by the AASHTO T288 test method. Comparing these with the 
MDT 1:2 resistivity test method, only 42 samples had a resistivity less than 2500 ohm-cm and 10 
samples from all age ranges exceeded 2500 ohmcm. Five of the samples tested from poor 
culvert conditions less than 50 years of age had MDT 1:2 resistivity values greater than 2500 
ohm- cm which would indicate that galvanized steel culverts should provide acceptable service 
lives by current MDT design procedures, whereas none of the AASHTO T288 procedure would 
rate any of the five acceptable for galvanized steel. Grouping by resistivity range, culvert 
conditions listed as fair were similar for the two methods. For culverts listed in good condition, 
the number of samples with AASHTO T288 resistivity values less than and greater than 2500 
ohm-cm were 9 and 13 respectively, while the MDT 1:2 resistivity results were counted at 3 and 
19 respectively. By inspection it would appear that the 1:2 method correlates better than 
AASHTO T288 for culverts classified as maintaining a good condition; however, 6 of the 9 
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samples with AASHTO T288 resistivity values less than 2500 ohm-cm were coated with epoxy 
or black mastic. It therefore appears that the coating is of clear benefit since the 6 samples taken 
from coated culvert pipes that were in good condition had resistivity values of less than 2500 
ohmcm. From analysis of data taken from the table, the AASHTO T288 test method appears to 
show a stronger, single-variant relative prediction correlation to observed pipe condition than the 
1 :2 dilution method currently used by the MDT. 

The process of corrosion, however, is not driven by a single parameter and therefore analysis 
procedures have been expanded to account for more than one measured soil property. Soil pH is 
a widely used corrosion indicator and is incorporated in the current MDT design life analysis. To 
account for the effects of soil pH in the corrosivity analysis, the current design procedure used by 
MDT was used to give a predicted pipe life for further comparison of the resistivity test methods. 
The MDT design procedure consists of calculating a design service life from equations published 
by AISI, and presented in the MDT Design Manual (MDT, 1996), and using resistivity thresholds 
and pH ranges to specify acceptance of steel pipe and select steel coatings. For each sample and 
set of resistivity values (1:2 and AASHTO T288), pipe life estimates were calculated from the 
AISI equations: 

Service Life (years) = 2.94 R""* — for soil with a pH ^ 7.3 

or 

Service Life (years) = 27.58 [Log,o R-Logjo (2160-(2490 Logio pH)) — for soil with a 
pH < 7.3 

where R is the resistivity value in ohmcm and pH is the value of the soil pH reading. Pipe 
selections were based on use of steel culverts with galvanized, bituminous, or polymeric coating 
since these were the only types of culverts at the test locations. Figure 20 of Appendix E shows 
tabulated results of the MDT design criteria analysis for each sample with pipe 
recommendations, estimated life, and percentage of life used based on pH results by the MDT 
laboratory and resistivity results from the AASHTO T-288 and 1 :2 dilution test results. Where 
"no steel" appears in the recommendations column, the design criteria does not allow galvanized, 
bituminous, or polymeric coated steel pipe. The last column shows where pipe selection 
recommendations differ between the AASHTO T288 and 1:2 resistivity values used for pipe 
coating prediction. 

By using resistivity data from MDT measured 1:2 dilution (the current MDT practice) and 
AASHTO T288, the analysis returned two independent service life predictions and pipe type 
selection for each soil sample. Of the 87 test samples, 37 percent of the recommendations 
differed depending upon the method used for determining resistivity. A comparison summary of 
some of the results is given in Figure 9. 
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Figure 9 Comparison of Pipe Recommendations Using AASHTO T288 
and MDT 1:2 Resistivity Results 

The differences in recommended culvert treatments for in-place galvanized steel culverts are 
further categorized in Figures 10 and 11 according to the condition rating assigned by the MDT 
District personnel who conducted sampling for the study. Figures 10 and 1 1 show analysis based 
on AASHTO T288 minimum resistivity and MDT 1:2 resistivity respectively for all galvanized 
steel culvert sites with known culvert age. Each figure shows the number of samples (tested by 
AASHTO T288 or MDT 1:2) for each culvert condition/age and the resulting pipe selection 
recommendation per current MDT resistivity criteria. For example using the AASHTO T288 test 
method and the MDT criteria for coating selection, the testing of 9 samples would recommend 
galvanized steel culverts based on analysis fi-om samples taken fi:om good culverts that are in the 
range of to 25 years old. 
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Figure 10 Recommended Culvert Treatments Based on AASHTO T288 Resistivity 
Versus In-Place Culvert Condition for Galvanized Steel Culverts 
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Figure 1 1 Recommended Culvert Treatments Based on MDT 1 :2 Resistivity 
Versus In-Place Culvert Condition for Galvanized Steel Culverts 

For the good culvert condition sites, nearly all of the samples indicate galvanized steel to be 
reliably specified. In the few instances where coatings were specified by analysis using the 
AASHTO T288 minimum resistivity, and coated culverts are currently in service, they were given 
a good to fair rating. There were two test samples fi'om an epoxy coated culvert where, based on 
design criteria and AASHTO T288 minimum resistivity, no steel should be used; however, the 10 
year old culverts appear to be in good condition. 

In the fair condition category, all of the samples tested by both AASHTO T288 and MDT 1:2 
indicate galvanized or coated steel pipe is suitable for use. From the above figures, the AASHTO 
T288 soil box test method and the MDT criteria appear to correlate reasonably well with 
observed culvert conditions. 

Most importantly, of the culvert test sites where culvert condition was classified as poor, all pipes 
in service were galvanized. From the Figures above, the MDT criteria using AASHTO T288 
minimum resistivity values shows that none of these sites in which the culvert has been in service 
for less than 50 years are suitable for galvanized steel; whereas MDT criteria using MDT 1:2 
resistivity values shows that 5 of the samples show galvanized culverts to be suitable. 
Additionally, 29 of the samples tested by AASHTO T288 do not meet specifications for any steel 
(coated or non-coated) as compared with the 23 samples unsuitable for steel as predicted by MDT 
1:2. 
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Case Study 

Additional in-depth sampling was conducted at the site of two large steel culverts in District 5, 
which are corroded and in very poor condition. The purpose of this case study was to obtain a 
more in-depth look at one particular corrosive environment by applying the proposed analysis 
and testing methods in an in-depth manner to a particular site. 

Introduction 

Sampling was conducted near two, 138 inch diameter by 164 foot long galvanized steel plate 
culverts located on Highway 200, approximately 13 miles east of Winnett. The two culverts 
selected for case study show advanced signs of soil side corrosion particularly in the upper two- 
thirds of the culvert section. Numerous perforations ranging in size from 1 inch to more than 6 
inches are evident in the troughs of the corrugations along the top of the culvert and equally 
large and numerous holes on the culvert sides. The east culvert has experienced some loss of 
structural integrity as evident by noticeable "bowing", elliptical deformation and buckling near 
the north invert. On nearly each of the corroded holes, white salt precipitates have collected and 
built up to thicknesses of approximately '/i-inch. 

The culverts were originally designed for watershed drainage and stock crossing and are located 
in moderately deep coulees. The steel culverts were installed with 25 to 35+ feet of embankment 
cover and are assumed to be 8 gage (0.168") galvanized steel. Some nominal amount of 
sedimentation (less than 2 feet) has collected in the pipes. Sedimentation and the deformed 
condition of the pipe causes sustained water retention even when the upslope drainage is not 
flowing through the sections. The embankment appears to have been built from weathered clay 
shale presumably borrowed from the immediate vicinity. Asphalt invert aprons were placed on 
the slopes near the inverts. Due to the advanced signs of distress, the culverts were scheduled 
for grouted insert repair in the fall of 2000. 

Sampling 

Numerous samples were taken from the culvert embankment and sedimentation collected in the 
culvert bottom to provide soil information for the study. Additional soil samples were obtained 
from the native, undisturbed slopes and drainages (upslope of the culvert) to provide quasi- 
baseline data from the drainage that may represent soil conditions prior to the installation of the 
culverts. A 4-inch hand auger was used to collect soil samples from selected locations within the 
embankment and native soil profiles. 

A series of samples were taken laterally through a buckle in the east pipe and obtained vertically 
through the embankment slope above the invert aprons to the top of the culvert section to 
provide profile information surrounding each pipe. Water samples were taken from the stagnant 
pool inside the culvert sections. 
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Testing 

All soil samples were tested for resistivity (as-received, AASHTO T288, and MDT 1:2), pH, 
sulfate, and chloride. AASHTO minimum resistivity values ranged from 63 to 1500 ohmcm and 
pH values were slightly basic and in the range of 7.4 to 8.8. An Inductively Coupled Plasma 
(ICP) Spectrophotometry scan of the salt materials collected from the culvert was also conducted 
by MSU to determine a non-quantitative composition of the material. 

Results 

Figure 12 shows a schematic diagram of the sampling positions and select test results for each of 
the tested culvert sites. Data shown on Figure 12 consists of as-received resistivity, AASHTO 
T288 minimum resistivity, and in situ moisture content testing as shown on the legend. 

Samples taken from the streambed on the upslope side of the culvert and from the bank of the 
drainage show as-received resistivity values in the range of 100 to 1500 ohm- cm. A sample of 
the salts collected on the natural slope had a minimum resistivity of 32 ohmcm. Based on the 
AASHTO T288 minimum resistivity test results of natural features and current MDT culvert 
selection criteria, an estimated pipe life of 19 to 59 years could be expected for a galvanized steel 
pipe. To obtain the MDT standard 75 year life, MDT pipe selection criteria recommends 
bituminous or polymeric coated steel pipe for the samples tested with a resistivity of 1500 
ohmcm and does not allow for the use of steel pipe for the sample tested at 100 ohmcm. The 
in-place culvert; however, is galvanized steel and is approximately 46 years old, slightly more 
than half of the expected design life. Based on the conditions of the culverts, it is apparent that 
the culverts are at the end of their useful service life. 

Samples taken from the embankment material show a distinct pattern of decreasing resistivity 
and increasing moisture content with depth in the embankment. For example, on the south invert 
of the west culvert, the as-received resistivity and minimum resistivity decreased incrementally 
from 7000 to 1050 and 425 to 165 ohmcm, respectively, from the surface to the top of the 
culvert, on the side of the embankment. Similarly, a pattern of decreasing resistivity and 
increasing moisture content occurs laterally in the embankment toward the culvert section. A 
moisture content, as-received resistivity, and minimum resistivity contour map constructed on a 
cross section of the embankment perpendicular to the pipe would show a zone of high moisture 
content and low resistivity near the pipe with a gradual decrease in moisture content and increase 
in resistivity radiating outward from the pipe. Ironically, the most corrosive environment occurs 
around the culvert pipe. 
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Case Study— Pipes East of Winnett 




1=1 1 1=1 1 1=1 1 1=1 1 1=1 1 1=1 1 1=1 1 1=1 1 1=1 1 1=1 1 1= T— 1 1 1=1 1 1^1 1 1:^1 1 ittzi I i=m=m=m=m=m- 



~m 







no scale intended 



HigEnvay 
FtiiEunkmciiL 
(fiU-scclioir) 



12500/1200, 9 
5900/410, 10 
3100/310. 11 



97/51, 26 



150000/29, 32.6 ' 



725/650. 37 



1060/740, 




ir|iH3T|o(ii^tf— I 



l=i 1 1=1 1 1: 



:|. 1200/1500, 27-ii| I |z=| 1 1 
|i 1300/1500, 21 I 1=1 I 1= 

-I I , i=m=m=m=m=TTT=m=m=m= 



E 



(East Pipe) 



naicile intended 



Highway 

1 J i 1 M 'l Wr i i 1 1 i 1 1 1 Fl ] J 1 1 fl 1 1 1 i I'W I i H WWffTPP 




Legend 



2450/275, 12 % 




Sample 
Location 



AASHTO T288 
Minimum Resistivity 
(ohm-cm) 



As Received 

Resistivity 

(olim-cm) 



Field Moisture. 
Content (%) 



Denotes 
Sample of 
Salt Deposit 



28 



Figure 12 Case study culvert profiles 
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Assuming that the material used in the embankment was relatively homogeneous and consisted 
predominantly of soil with a minimum resistivity of approximately 1500 ohmcm, a change in 
the physical corrosivity of the soil has taken place over time. Our research has shown that 
disturbing the natural soil structure by excavation and recompaction can change the minimum 
resistivity; therefore, it is likely that the action of breaking up the shale used in the embankment 
exposed more surface area from which minerals may be extracted from the soil and that a more 
porous medium was created by the embankment construction process. We fiirther suspect that 
surface moisture and water from the drainage entered the embankment on the sides and 
transported dissolved salt materials to the pipe which acts as an impermeable zone and impedes 
the flow of moisture. This moisture, rich in salt minerals and supporting a high cation exchange 
capacity collects near the culvert surface. By this action, the soil environment directly in contact 
with the culvert became more corrosive than the original, undisturbed soil testing might have 
indicated. Minimum soil resistivity values of 350 to 50 ohmcm and moisture contents of 11 to 
26 percent were obtained at the soil/culvert interface. These data, analyzed by the AISI 
equations for pipe life indicate average service lives of approximately 15 to 29 years. 

Once the steel becomes perforated, small quantities of seepage have access to the interior of the 
culvert where the water is evaporated and salts collect on the surface. The drier interior 
conditions of the culvert cause a substantial buildup of salt concentrations in the soil behind the 
culvert and on the interior of the culvert around the perforations. These salts can be re-dissolved 
Jn times of higher moisture availability and cause a localized region with extremely corrosive 
soil conditions. Salts collected from the interior of the pipes and from the natural drainage up 
slope of the culvert had a minimum resistivity of approximately 30 ohmcm which relates to an 
average service live of approximately 12 years. A non-quantitative ICP scan of 36 common 
elements was run on the sah material collected from the interior of the culvert. The initial 
extraction was conducted from a 1:1 dilution of soil and 5 percent nitric acid. After exfraction, 
substantial precipitates began to form from elements which could not be held in the acid 
solution; therefore, the sample was fiirther diluted 1:3 in nitric acid to suppress fiirther 
precipitation. This scan found high concentrations of iron, potassium, magnesium, sodium, 
sulfiir, and zinc; and, lower concentrations of calcium, magnesium, and molybdenum. This scan 
indicates that the salts were probably sodium chloride or potassium chloride. The presence of 
high concentrations of zinc, magnesium, and iron indicate that substantial metal ions have been 
transported with the evaporitic salts. 

It is possible that a polymeric coated pipe, installed with no damage to the coating could have 
increased the service life of these culverts. At this point, there is data to suggest that some 
benefit would have been obtained by installing coated pipes. However, quantifying added life is 
difficult since various construction and other environmental factors influence coating success. 
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Conclusions and Recommendations 

The following summary of conclusions and recommendations have been based on analysis of 
this research project and our related experience. Long-term monitoring of corrosion rates and 
soil conditions and case studies of coated pipe installations could not be accomplished within the 
framework of this research; therefore, recommendations relating to analysis and selection of pipe 
materials has been limited to generalized guidelines based on observations of installations used 
for this study. The Transportation Research Board and the NCHRP are currently conducting a 
study of corrosivity and may introduce new information useful in refining the culvert selection 
procedure. 

Culvert Site Investigation and Soil Sampling 

Obtaining appropriate samples is a fundamental and crucial phase in corrosion assessment for a 
proposed culvert site. For some projects, non-homogeneity of the soil conditions may cause 
significant variations in each of the corrosivity indicators; therefore, frequent and representative 
sampling must be conducted to generate sufficient and accurate test data. 

Care must be taken to target areas and, more specifically, soils within areas which will have the 
largest effect on the culvert performance. Highly organic topsoil material may provide 
erroneously low resistivity values for a culvert site which will be stripped of all organic material 
and the culvert placed in a higher resistive environment. The reverse may also be true of a high 
resistivity soil whose structure or environment may be altered by construction such that 
corrosivity is increased. Therefore, culvert elevations, soil conditions, environmental conditions, 
and historical data must all be taken into account before sampling is conducted. 

Sampling of imported backfill soil alone is not sufficient to provide an adequate representation 
of soil conditions surrounding the culvert. Changes in moisture conditions, chemical transfer, 
and bacterial growth are likely to occur within the backfill zone and what once was a non- 
corrosive, backfill soil may become a corrosive environment. The natural ground fi-om the area 
in which the culvert is to be placed must also be included in a corrosivity analysis. 

Sampling procedures may vary depending upon site conditions; however, at a minimum it is 
recommended that the following general steps be included as the basis for a sampling procedure: 

• Historical Review 

Areas having historically documented poor culvert performance may be identified by Soil 
Survey Reports generated by the District Office. If these reports are not available, visual 
inspection of culverts in the proposed site area should be performed. Culvert sections 
with abrasion or other physical deterioration should not necessarily be considered poor 
from a corrosivity standpoint. 
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• Site Reconnaissance 

Site conditions should be recorded for each new job prior to field investigation. Visual 
indicators may be present that would suggest the possible corrosivity of the area. Sites 
with marshy conditions or high concentrations of organic material may indicate corrosive 
conditions. Other corrosive environmental indicators may include the presence of 
moderately to highly plastic, near-surface clay soils, saline seepage, or on-site corroded 
metals (signs, bridge decks, wire retaining walls, etc.). If such areas exist, these areas 
should be targeted for sampUng to provide corrosivity data. 

• Field Investigation 

Specific areas should be targeted for sampling in the Site Reconnaissance Phase of the 
project. This information and preliminary culvert elevations should be used to select 
depths of soil sampling. It would be advantageous to obtain samples from the drainage 
and sideslopes, upstream of the expected culvert location. Potential borrow sources 
should also be sampled. The AASHTO T288 test method suggests collecting water 
samples fi-om the site or local drainage for testing. 

Testing Method 

Our data shows that the AASHTO T288 minimum resistivity test provides better performance 
correlation with the current MDT corrosion criteria and observed culvert conditions than the 1:2 
dilution, electrical conductivity test currently used by the MDT. An NCHRP/TRB research 
project is currently in progress to review existing test methods and develop new testing 
procedures if warranted. Based on the resuhs of this study, the standard for soil resistivity may 
change, but until such time, it is our recommendation that the MDT begin to use the AASHTO 
T288 test method as the standard means of determining soil resistivity for corrosivity analysis. 

The AASHTO T288 test method includes sample handling recommendations, processing 
information, and test procedure instructions. This test should be performed with room- 
temperature, distilled water, unless water samples are available from the site. Our limited research 
suggests that if the resistivity of an on-site water sample is less than the minimum resistivity of the 
soil to be tested, a minimum resistivity will not be reached until a large quantity of on-site water 
has been added. If this condition exists, the minimum soil resistivity as determined by AASHTO 
T288 will approach the resistivity of the water sample. If the on-site water sample has a higher 
resistivity than the soil, the minimum soil resistivity will be similar to the minimum resistivity using 
distilled water. 

In some cases, it may be deemed prudent to supplement the test procedure for more in-depth 
analysis of critical structures. For example, with the culverts east of Winnett used in our case 
study, the density of the shale material to be used for the embankment backfill was likely known 
prior to construction. A check on the AASHTO minimum resistivity test may be performed by 
compacting the proposed backfill material into the soil box at the same dry density as would be 
obtained in the field. Subsequent to compacting the sample into the soil box at the prescribed dry 
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density, the box could be submerged in a water bath of water collected from the site to fully 
saturate the sample, and the saturated sample could be connected to a soil meter to provide a 
single point resistivity. This should be the worst case scenario for resistivity conditions of the 
backfill under saturated conditions immediately after construction. As seen from analysis of this 
case study, it would not necessarily be prudent to use this one-point value as the controlling 
resistivity for design as the soil conditions change over the life of the structure. Two additional, 
site-specific tests would be beneficial to more thoroughly define site conditions. The first of these 
would involve testing of the surface material from a nearby slope that was observed to have saline 
seep conditions. The salts that are present in the slope are liable to be present in the embankment 
and will potentially migrate to the pipe; therefore, this resistivity value (obtained from an 
AASHTO T288 test) should be considered a long-term minimum value with a high probability of 
occurrence. The second test would be for the native soil upon which the culvert will be founded. 
This material could be sampled in much the same way as an undisturbed sample is collected for 
other geotechnical testing, by pushing a thin-walled steel tube into the soil and retrieving the 
contents. This sample could be trimmed to fit the soil box area and pressed into the soil box. The 
sample should then be saturated to model the worst case condition for the native material and a 
single point resistivity value taken from the material. 

These additional resistivity tests should be viewed in conjunction with the AASHTO T288 test 
data to provide confidence in culvert material selection and should not be used without the 
AASHTO T288 data unless fiature research suggests a method with higher correlation to pipe life. 
We feel that the alternate tests could be used in conjunction with AASHTO T288 to provide a 
more representative, long-term model of soil conditions. From the case study data, the initial 
conditions in the culvert environment may be reasonably modeled by the single point resistivity of 
the undisturbed base material along with the AASHTO T288 minimum resistivity and single point 
resistivity determined for the saturated backfill at a known density. These conditions are likely to 
change over time and in this case, the controlling resistivity may approach the AASHTO T288 
resistivity determined from the saline seep identified upslope in the drainageway. 

MDT should also integrate the specifications for sampling, testing and analysis methods into the 
consultant design project requirements. Due to the multiple variations in test methods and the 
potentially large variation in results, the specifications should, at a minimum, define the testing 
procedures to be used for resistivity, pH, sulfate, and chloride. 

Analysis and Selection of Materials 

As with other geotechnical testing (moisture density, R-value, shear strength, etc.), the minimum 
resistivity, pH, sulfate, and chloride testing only provides an indication of corrosion potential on 
the sample tested in the laboratory and may not represent all actual field conditions or identify the 
most critical area. The results of these tests are dependent upon the quality and extent of 
sampling for the project. For some projects, non-homogeneity of the soil conditions may cause 
significant variations in each of these parameters; therefore, frequent sampling and sufficient test 
data must be generated to provide confidence in the data used for analysis. 
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Our research was limited to observations of primarily galvanized culvert conditions and sampling 
at a single season in the life of the culvert. Since corrosion is a progressive process, it would 
require long-term monitoring of numerous test sites involving culverts with varying coatings and 
soil conditions to completely assess the current MDT procedure for estimating pipe life. 
Correlations between the AASHTO T288 minimum resistivity, pH, and current MDT culvert 
selection criteria for estimating pipe life and recommending appropriate culvert coating appear to 
be reasonably consistent with the culvert performance conditions categorized by this study. 
However, additional research as described in the subsequent section should be conducted if a 
refined selection procedure is to be adopted. 

Discussion of Future Research 

It is strongly recommended that a database of corrosion indicators be constructed fi-om all data 
collected in the future. A tabulated collection of soil resistivity, pH, chloride concentration, 
sulfate concentration, sampling depth, soil type, location, and other pertinent data should be 
stored for future reference. It is also recommended that these data be superimposed on to a 
statewide USGS soil survey map. With years of data collection, resistivity (and other corrosion 
indicators) contours could be constructed on these maps to outline general zones of corrosion 
potential. Each of these zones could be classified by a certain corrosion potential (high, 
moderate, low, or finer corrosive potential divisions) which could have standard culvert pipe 
treatments. This generalized area map would not preclude site testing, but could offer pre- 
investigation information from which to base a preliminary design. The map could also reduce 
testing fi-equency. For example, if a culvert is needed in an area of high corrosive potential, and 
preliminary centerline soil survey data shows high corrosive potential, additional testing during the 
geotechnical field investigation would not be necessary unless further quantification was desired. 
Likewise, areas of moderate concern could be sampled more heavily to optimize pipe selection 
economics with corrosion risk. These corrosivity maps would likely be general at first and hmited 
to a statewide scale with conservative treatments; however, as the database grows, the contours 
could be tightened and eventually transferred to county maps and may be correlated with soil 
series mapping for more accurate preUminary planning. 

In areas where soil conditions are questionable, or if analysis shows galvanized steel acceptable in 
an area where historical information suggests otherwise, instrumentation could be installed to 
monitor the corrosion rate and allow time to implement alternative measures such as cathodic 
protection before a culvert failure. This type of "early warning" system could allow for less 
expensive, galvanized steel culverts to be used with some additional confidence that high 
expenditures of premature replacement could be avoided. This monitoring/early warning system 
would likely consist of zinc, carbon steel, and galvanized steel coupons installed adjacent to the 
culvert at varying locations. These coupons would be "hard wired" to an enclosed panel or 
accessible housing, one would allow for periodic, real-time corrosion rate determination and 
provide a non-destructive means to monitor the culvert condition. If an analysis of the projected 
culvert life based on the measured corrosion rates indicates a high potential for premature failure, 
sacrificial anodes could be installed and connected to the culvert to potentially increase the service 

33 



statewide Corrosivity Study on Corrugated Steel i 

life at a fraction of the cost of replacement of a failed culvert. Data collected from these 
monitoring sites could also be used to "fine tune" culvert corrosion analysis and provide 
correlations between soil conditions, pipe materials, and pipe life. Initially, a corrosion engineer 
or specialist would be required to estabUsh the monitoring installation procedure and provide 
technical assistance; however, this type of monitoring program could potentially become routine 
with reduced expense and time expenditure. 
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^ ENGINEERING & 
A GEOSCIENCE, INC. 
A, 



1505 14lh St. SW - Great Falls. MT 59403-3269 - (406) 453-5400 - Fax (406) 761-6655 

Febmary 10, 2000 

Attention: District Materials Supervisors 
Subject: Statewide Corrosivity Study 



NTL Engineering & Geoscience of Great Falls, Montana, in conjunction with the Montana 
Department of Transportation is conducting a statewide research program to study soil resistivity 
and the corrosive affects of soils on steel culverts and other buried metals. During the sampling 
phase of this research, the services of each Montana Department of Transportation District 
Offices will be sought to collect samples from select locations for testing. The District offices 
include: 

• Great Falls 

• Billings 

• Glendive 
Butte 

• Missoula 

This letter details selection criteria for appropriate test sites, required materials, sampling 
procedures, and sample handling instructions. It is imperative that each of the district 
representatives in charge of the sampling contact the NTL Engineering Project Engineer prior to 
sampling to discuss prospective locations and clarify instructions presented herein. 



Test Site Selection 

The intent of this project is to collect samples encompassing a wide range of soil 
conditions through a statewide sampling program; therefore, it is desirable to consider each 
district in its entirety for suitable sample locations. In general, target areas should include a range 
of conditions outlined by the following criteria: 

• Areas of "poor" steel culvert performance 

Areas having historically documented poor steel culvert performance may be identified by Soil 
Survey Reports in which steel culverts and drainages have been inspected and documented. If 
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these reports are not available, visual inspection of suspect areas should be performed. Steel 
culvert sections with abrasion or other physical deterioration should not be considered as poor 
from a corrosivity standpoint. If areas have been previously identified as needing replacement 
or insert repair, metallic coupon samples may be requested along with soil samples. The 
following criteria should be used as a general guideline to assess steel culvert condition: 

Non-Corroded culverts should be defined as having no evidence of surface rust or pitting 
on the entire culvert area. The culvert coating (galvanization, aluminization etc.) should 
be intact on the circumferential area. Non-corroded culverts should be given the 
designation "good" on the field Sampling Log form (attached). 

Moderately Corroded culverts have some surface rust, pitting, and holes penetrating 
through the culvert. Corrosion induced perforations for this category should be less than 
1-inch in diameter. Moderately corroded culverts should be assigned a designation of 
"fair". 

Severely Corroded culverts have "large scale" perforations or a high density of small 
holes. A large portion of the culvert area exhibits corrosion deterioration. The 
designation "poor" should be assigned to severely corroded culverts. 

Some steel culverts may exhibit a combination of the aforementioned designations. These 
locations should be described in detail in relation to recovered soil samples. A combination of 
the designations may be used (ie. fair to poor); however, detailed descriptions of the culvert 
will be necessary. Since this rating is designed to target corrosion, the affects of abrasion are 
not to be used as indicators of culvert condition. Abrasion can cause pitting, scouring, and 
rusting of the culvert base; these conditions are not to be considered in the above rating for 
culvert performance. 

Areas of "fair to good" steel culvert performance 

These locations may also be identified by Soil Survey Reports or by visual inspections 
conducted specifically for this project. These areas should be selected from areas that have 
long-term historical data offering information of the low corrosive environment. The 
previously described definitions of "fair" and "good" should be used as a general guideline for 
selection and description. 

Historically identified "hot" areas 

Some districts may have certain areas identified as potentially highly corrosive environments, 
although no steel culvert sections may be present. Such areas would likely be characterized 
by the presence of moderately to highly plastic, near-surface clay soils. Indicators such as 
saline seepage or corroded metals (signs, bridge decks, wire retaining walls, etc.) should be 
considered. If such areas exist, these areas should be targeted for sampling to provide high 
corrosivity potential data. 
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Culvert locations meeting the first two culvert performance criteria ("poor" and "fair to good") 
should be given high priority in test site selection; however, it is desired that all of these specific 
areas be sampled from each district. Special district conditions may include other possible 
sampling areas or conditions. If any special areas are identified within a district, the District 
Supervisor should contact our Project Engineer prior to sampling. 



Required Materials 

Upon selection of appropriate test sites by district personnel and afl;er discussion of test 
site selections with our engineer, detailed soil surveys of the locations should be conducted. All 
such soil surveys should be performed by the District Materials Supervisor. A Sampling Log 
sheet is attached for use in recording pertinent data and maintaining consistency in field 
observations. A Sample Log sheet should be completed for each test location; spaces are 
provided for multiple samples at each location. The NIL Engineering Project Engineer will be 
available for discussion and coordinating the scoping and development of each site and to provide 
sampling recommendations. The soil survey includes planning for an appropriate combination of 
borings and/or excavations; examination of cutslopes, drainages, topography, and surface water 
conditions; photographs of the culverts, test locations, excavations, surrounding area; along with 
obtaining the recoverable materials. The survey must be sufficiently detailed to locate the test site 
on USGS quadrangle maps or MDT project maps, identify the sample location, and describe all 
pertinent conditions relative to the test site. The completed soil survey should then be submitted 
to our engineer in a the form of a written report and sample log sheets (attached) containing all 
visual observations related to the survey; all information should be clear, concise, and include all 
pertinent data as outlined below: 

• General 

This section should include a written description of the test location including plan views, 
maps, and photographs as needed for location and clarity. A unique descriptive identification 
number should be assigned to all samples and materials. Detailed descriptions including 
historical data from steel culverts at the site should be included if available. Descriptions of 
sample collection including depth and relative locations are required for each sample. 

• Geology and Physiography 

Pertinent topographic features including drainages, 'cutslopes, vegetation, sahne deposits, and 
surficial geology should be included, along with any known construction history. 

• Soils 

Where applicable, a summary of soil profile, sampling location, and sample limits should 
accompany all samples recovered for testing. Boring/excavation logs (entered on the attached 
Sample Log) should indicate visual classification of soils by the Unified Classification System 
with visual observations of w situ moisture and density conditions. 
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• Drainage and Water Conditions 

At steel culvert locations, the report should include drainage and water conditions at the time 
of sampling and during operation. Approximate high water levels should be identified based 
on observed culvert conditions. 

• Materials 

Soil, water, and steel culvert coupon materials should be properly labeled and listed in the 
report. These listings should include a brief visual description of the sample location. 

• Special Features 

Any special features such as corroded signposts, bridge decking, saline seepage or other 
anomalies observed on the site should be noted. 



Sampling 

A minimum of 16 soil samples should be submitted from each district office. Water 
samples and steel culvert coupons may also be required based on availability. The sample sites 
should be geographically separated to the extent possible within the district area and should be 
selected in accordance with the materials criteria. At each testing location, a visual description of 
the site and photographs should be recorded as outlined in the Required Materials section. 

Soil samples should be representative of the stratum in question and natural moisture 
content at the time of sampling should be preserved by prompt collection and sealing of sample 
bags. Sample location and prudent sampling techniques will be critical in obtaining suitable 
samples. The following sections detail sample requirements and specific procedures for materials 
sampling and handling. 



Sample Requirements/Handling 

Soil samples taken at any location shall meet the following criteria: 

Predominant Material Type Minimum Weight of Sample Required 

Clay 4500 (9.9) 

Sand 6500 (14.3) 

Gravel 9000 (19.8) 

All pertinent locations and sampling information for each site should be recorded on the 
attached Sample Logs. The field crew manager shall be responsible for ensuring that sufficient 
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detail is recorded on the field logs. The field logs shall contain sufficient information such that all 
field activity can be reconstructed by an outside party. At a minimum, all entries shall include: 

project name. 

date and time of start and finish of sample collection, 
weather conditions during sampling. 

description of the site including geology, physiography, topography, and special features 
or conditions of the area. 

location of sample site (milepost, station etc.) including photographs and map references 
stratigraphic details of all excavations^orings 
sampling equipment/method used for sample collection 

details of sampling work, particularly any deviations from the outlined procedures 
field observations 

types and number of samples including sample identification numbers and photographical 
references 
• field and laboratory measurements as appUcable (temperature, field density, moisture 

content) 

All samples are to be promptly shipped to NIL Engineering and Geoscience at the given 
address. Samples are to be properly labeled and referenced to field logs. Water samples shall be 
placed in standard canning jars or approved plastic or glass bottles; soil samples are to be sealed in 
ziplock bags. Field logs should accompany samples and should also be placed in waterproof bags. 
Samples should be shipped in rigid, insulated boxes or coolers. Cardboard boxes with samples 
packed in Styrofoam or plastic bubble wrap are acceptable. All coolers will be returned to the 
origin address if so requested. 



Example Sampling Procedures 

The following procedures outline the general steps required for sample collection and 
documentation. Any deviation from these procedures should be recorded and reported to our 
Project Engineer. 

Case 1 (Moderately to Severely Corroded Steel Culvert) 

1 . Photograph general location including views of the drainage paths near the invert for the 
upstream and downstream sides. 

2. Record visual descriptions of general site geology, physiography, topography, culvert 
condition, culvert history, and special features or conditions of the area. 

3. Collect a sample of the backfill through a corroded perforation in the pipe-or-by drilling 
through the roadway and subgrade to the elevation of the corroded pipe section. If 
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drilling is required, the sample elevation and location should be within 1.0 feet of the 
corroded portion of the culvert. 

4. If the bottom of the culvert shows signs of corrosion (not abrasion) and soil materials have 
collected in the bottom of the culvert, collect a sample of material from within the culvert. 

5. With excavation or drilling equipment, collect a sample of the native soil adjacent to the 
roadway in the upslope portion of the drainage. This sample should not include topsoil or 
other surficial materials and should be within 1.0± feet of the culvert elevation and within 
a lateral distance of approximately 10.0± feet of the culvert inlet. 

6. Prepare a log of boring or excavation for each sample collection (sample attached). 

7. If water is present in the culvert, collect a water sample to be submitted to our office with 
the soil samples. 

8. Assign each sample a unique sample description number. Each sample number should be 
documented on a boring/excavation log or on a field report explaining where the sample 
was taken along with a visual classification of the soil. The sample numbers must be 
cross-referenced to a roadway stationing or mile post and offset. Begin each sample with 
a hyphenated, numeric prefix corresponding to the district zone number (ex. Dl-Sl-SSl 
==> District 1, Site 1, Soil Sample 1). 

9. Each soil sample should sealed in 1 -gallon Ziplock bag(s) immediately afl;er exhumation 
and placed in an insulated box or cooler for storage and transport. 

10. Photograph test pits, borings, or openings in the culvert subsequent to sampling. These 
photographs should show the exact location of the sample. 

1 1 . Backfill any excavations or borings and patch any asphalt or concrete disturbed for sample 
collection. 



Case 2 (Non-Corroded Steel Culvert) 

1 . Photograph general location including views of the drainage paths near the invert for the 
upstream and downstream sides. 

2. Record visual descriptions of general site geology, physiography, topography, culvert 
condition, culvert history, and special features or conditions of the area. 

3. Collect a sample of the backfill near the edge of the roadway or from a boring extended to 
the elevation of the culvert within 1.0 feet (laterally) of the culvert location. 
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4. With excavation or drilling equipment, collect a sample of the native soil adjacent to the 
roadway in the upstream portion of the drainage. This sample should not include topsoil 
or other surficial materials and should be within 1.0± feet of the culvert elevation and 
within approximately 10. 0± feet of the culvert inlet. 

5. Prepare a log of boring or excavation for each sample collection (sample attached). 

6. If water is present in the culvert, collect a water sample to be submitted to our oflFice with 
the soil samples. 

7. Assign each sample a unique sample description number. Each sample number should be 
documented on a boring/excavation log or on a field report explaining where the sample 
was taken along with a visual classification of the soil. The sample numbers must be 
cross-referenced to a roadway stationing or mile post and offset. Begin each sample with a 
hyphenated, numeric prefix corresponding to the district zone number (ex. Dl-Sl-SSl 
==> District 1, Site 1, Soil Sample 1). 

8. Each soil sample should sealed in 1 -gallon Ziplock bag(s) immediately after exhumation 
and placed in an insulated box or cooler for storage and transport. 

9. Photograph test pits, borings, or openings in the culvert subsequent to sampling. These 
photographs should show the exact location of the sample. 

10. Backfill any excavations or borings and patch any asphalt or concrete disturbed for sample 
collection. 

Case 3 (Historically "Hot" Areas) 

1 . Select location for testing based on observed corrosion indicators such as fine-grained, 
high-plasticity soils; localized saline seepage, or swampy, high organic content drainages. 

2. Photograph general location including views of the surrounding area including drainage 
areas. 

3. Record visual descriptions of general site geology, physiography, topography, and special 
features or conditions of the area. 

4. With excavation or drilling equipment, collect a sample of the native soil below the topsoil 
zone. This sample should not include topsoil or other surficial materials and should be 
within 3.0± feet of the prevailing ground surface. 
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5. If standing water is present or if groundwater enters the boring/excavation, collect a water 
sample to be submitted to our office with the soil samples. 

6. Prepare a log of boring or excavation for each sample collection. 

7. Assign each sample a unique sample description number. Each sample number should be 
documented on a boring/excavation log or on a field report explaining where the sample 
was taken along with a visual classification of the soil. The sample numbers must be 
cross-referenced to a roadway stationing or mile post and offset. Begin each sample with a 
hyphenated, numeric prefix corresponding to the district zone number (ex. D 1 -S 1 -SS 1 
==> District 1, Site 1, Soil Sample 1). 

8. Each soil sample should sealed in 1 -gallon Ziplock bag(s) immediately after exhumation 
and placed in an insulated box or cooler for storage and transport. 

9. Photograph test pits or borings subsequent to sampling. These photographs should show 
the exact location of the sample. 

10. Backfill any excavations or borings created for sample collection. 



We appreciate your cooperation and involvement with this project. Please contact our 
office if you have any questions or concerns regarding this report. 

Sincerely, 

NTL Engineering & Geoscience, Inc. 



Jon J. Hepfiier, E.I.T. 
Project Geotechnical Engineer 
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Outline for Phase II of the Montana State Resistivity Testing Project 

Samples are to be collected by Montana Department of Transportation District offices for a 
statewide resistivity research program. The District offices include: 

Great Falls 

Billings 

Glendive 

Butte 

Missoula 

I. SampUng 

A. Target areas include 

• areas of poor culvert performance 

• areas of fair to good culvert performance 

• historically identified "hot" areas 

• areas of proposed new construction/borrow 

• case study (to be performed by NTL Engineering & Geoscience) 

B. Desired sampling materials 

• backfill and native soil samples around culverts exhibiting signs of poor performance 

• backfill and native soil samples around culverts exhibiting fair to good performance 

• soil samples from prospective borrow areas 

• native soil samples in areas of proposed new construction 

• photographs/location maps for each sample location 

• visual classification of the soil samples 

• visual description of surrounding conditions (vegetation, ground/surface water, etc) 

• brief soil log of the test pit (where applicable) 

• water samples (where appUcable) 

C. Sampling requirements 

• adequate sample size 

• sealed, contained storage 

• proper documentation 

• prompt delivery 

II. Testing 

A. NTL Engineering & Geoscience 

• minimum soil resistivity (AASHTO T288/Caltrans/ASTM G57) 

• particle size distribution 

• Atterberg Limits 

• in situ moisture content/material classification 

B. Montana Department of Transportation 

• saturated paste pH and conductivity 

• 1:1 dilution pH and conductivity 

• 1 :2 dilution pH and conductivity 

• sulfate/chloride 

C. Soil Testing Laboratory MSU-Bozeman 

• quality control testing for NTL Engineering & Geoscience and the Montana 

Department of Transportation 
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Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-301 



MDT Materials District: 
Materials Supervisor: 

Project Team Members: 



County: 

Highway/Milepost: 
Station/Offset: 



Sampling Date: (start) 
Sampling Date: (fmish) 
Sample Location: 



General 



Site Description: 



Site Sketch 



Sample Locations: 



Weather Conditions: 



I Photographs 



^Maps 



Location, Description, and Reference Number 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Report 



Roadway Station:_ 
Culvert Type: 
Approximate Age^ 

Remarks/Comments: 



Length: 

Diameter: 

Coating: 



General Condition: _ 
Photograph Number(s): _ 
Location of Soil Samples2_ 



Sampling Equipment 



I I Backhoe 
n Drill 
I I Hand Auger 
n Shovel 
Q Other 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(particularly any deviation 
from outlined procedures) 
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MDT Materials District: 








County: 
Location: 








Materials Supervisor: 


























Materials 




Sample Id. # 


Code* 

/ . 

/ 
/ 
/ 


Sample 
Size 


Photograph 
Reference 












For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel~9000g) 
Minimum Sample Size 


Gravel 


Sand 


Silt/Clay 


Soil Sample 








Soil Sample 












Soil Sample 












Soil Sample 








i 


Water Sample 




9000g (19.8 lb) 


6500g(14.3lb) 


4500g( 9.91b) 


Coupon Sample 















A -Backfill sample from a corroded culvert 
B -Backfill sample fl'om a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



Boring/Excavation Log 



Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 















































































































































































































Information Checklist 



Attachments 



I I Sampling site location and description (geology, topography, etc.) Q Photographs of site 

I I Sampling equipment information/sampling methods Q Maps of project site 

I I Sampling methods | [Adequate size soil samples 

I I Sampling material information Q Photographs of soil sample sites 

I I Boring log information Q Other samples (water, coupons, etc) 



49 



Appendix B 
MDT Field Notes 



50 
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^' I 5!L 1 NTL Engineering 
"^ - ^ " «& Geoscience 



1505 M* SI. SW, Oretl FjIIs. MT 4'>403-3Sf.9 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



/ / 



MDT Materials District: /^/'SS^x^ ,^ County: /^/$:Sau /^ Sampling Date: (,.=«> ^/^-^^f^ 

Materials Supervisor: /i?/{^. /5c>^' HigJiwav/Milepost: WP'?/ Sampling Date: (rn«h) 3//^?/^/>? 



Station/Offset: 7'/^ ?^_. ^? "//• '<- Sample Location: k4: li J.^ ^^X'^) 
Project Team Members: SY..^ \^, c^ . . « ^ m CTrilT SJ^-S^HO ^ - 



General 



f ™ ' 4s?^. ;' ^J'^l *r^ < 5vi (-Si, -^y^r'^ \ ..^ 



«' ^:;>%.#*:^^ « >'^- " ^S'.?^^^^ 



Site Description: 'Co^/-i4%.<i.> C/-^-^/ai^ /'^^'■^ 



Site Sketch 









Sample Locations: O^^vvC. ^/p";- ...■.?^f:^" sfr^Arv, c haw..€/ 









.S>S^ry^X^^-> c/^,-.-^ cfe;^.''/^./^^; !^ ^/>;^,<;/fe''/ 



A-y^5 



.4f tf <r? f"" .-(tyi-T y y .C Pi' /y^ i 



Weather Conditions: ^^f\\ ,,, C'.,,. 



Mo-'-C 



/I I 



>-^ X 



t^ In 













^i:t3dy2;-Si^:A..,--— ~\ 



/Li 



Location, Description, and Reference Number 
21 Photographs Q/sl pLIoi i -^ Lr,.< iS. -A.'^^trJhc. 



nv 



r-^ v-g rS-g-' 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: M-oir^/ ji/^^/ sa ■/> -f^,." ■?.». «-»■■.;.> tf#v!r?^/c^-.'/^ s^^-'^. 






Culvert Inspection Riepbrt 



i." xj^ " ^ 



■^^ '' w V^ 



Roadway Station: 7f4<'j<'- '^ - 



Culvert Type: 'C^-^-r /,rc -•( 



Length: /v/? 



^ 



Approximate Age : i^ '^'' ^ri' 



General Condition: /^ '. 



Diameter: /;.^:;, /t y^P '/'";! Photograph Numbcr(s): 



Coating: /fe/;,,^ /f ^^s> , 



Location of Soil Samnles :^),^^? _ 



rks/Comments: /:i<^«:;^^//^/^go.«'.j!^3?J .•S>'4.,..^as:^^/'^j^ /:g //J ^^^c/ ar,^a6'/uAK Ssmf- ^"^/^^'j -i»f/g 



Sampling Equipment 

I I Backhoe 

□ Drill 

I I F4and Auger 

P<|siiovcl 

r~|f)ii,.;r 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(fyrrfh "/"'/y tiny ili-viati' '• 
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MDT Mntcrials District: 
Miitcrinls Supervisor: 



Statewide Corrosivity Study-Sample Log 

/y) '• Page 2 

Z/ZlA^SOz^A County: /^jkSD^r '4 






/CtSfy^rU /,?/ "JiSod 



Materials 






Sample Pliotograph 
Sample Id. # CoJc* Size Reference 

Soil Sample DI'S/^SSl I D ')o&? ^^- 

Qsoil Sample ' ph SJ- >3 I. / Qx '^S^^/- 

Q Soil Sample /_ 

Qsoil Sample / 

I I Water Sample 

I I Coupon Sample 



For soil samples, enter Gravel j Sand 

the estimated percent of ■^M^ /^ /X i,^iK -'?:^ 
material for each grain S^% /tA^'^-i ^// *■/" 

size. Collect a minimum 

sample size corresponding 

to the primary constituent 
(ie. gravel-9000g) 



Silt/Clay 



Minimum Sample Size { 9000g(]9.8lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



6500g (14.3 lb) I 4S00g ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: /^^-5 -- ^ --^^^j^va ^ . ^ -.3^7^/ „ fi So,, ■/Z n,v,^^. r^ -.g^ /^ -^ j^y^rJl ^.</y - kS /^< rr-/^ 



I^^-s'j:^ mt^i^Urt Scj 'J /q,i,y, <^s.7^z WJy^ 



"-^ 



BoriHg/Excavafion Log 



. .y --f. 



-f/Cl'' z^"' 



Field Engineer: 



Boring/Excavation Location: 



i'^^iKf.^'s., ■• 



Depth 



ASTM Visual Classification and Description 



Sample Depth 
from to 



Sample 
Number 



Remarks 



J I 



aforhiation Checklist 



Aftachihehts 



JSampling site location and description (geology, topography, etc.) 
3 Sampling equipment information/sampling methods 
JSampling methods 
JSampling material information 



I Al Photographs of site 
LjMaps of project site 
[^Adequate size soil samples 

L JPliotonrnphs of s<iil snmple sites 



'fin;.! log iir 



''.0- 



l!-l-. 






NTL Engineering 
& Geoscience 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



1505 141h Si. SW, Oreit Falll, NtT 4M(lJ-32<i9 

MDT Materials District: /^, ss£x^Jy< County: ^^^KSo^^ /^ Sampling Date: (m^o s//^Ar^ 



^,^^,, „„ „. ^„^ , , ___:..^i-*i.=_=^ Sampling Date: (sisn) j/z^/iQ^ 

Materials Supervisor: jChf-y ^ '^o'' Highway/Milepost: .,fe» /?f 7 ^■'^ Sampling Date: (fmish) l\lL\r)D 



Project Team Members: \ JaN ^A lA.a,A- 



Station/Offset: "L^ie^ ^'*/-^^^ Sample Location: if' m^\n.m.<i^\^\tX. 



General 



Site Sketcli 



'^'-^ -.% <^' <^«»^ %.M\.^ t^^il 



Site Description: 1 o^py.'S kvit. pr-fi.^^^y^i C/'es>&'i> Si 



-Wfl-JU/l 



Uwf, i!>{- 4 ,^^ !^^'^y"■'^ t'S«rW.Jt?iVui» .>^.i&W-ryto\ I&OA 






AJ^ 



Sample Locations: tNi- 6I-5S ( ixo'cUc-c ♦ri?!^ U.</e,r=h 



Weather Conditions : Clbi J . ^h^-> It" ^ 



V. __ 



^^^'^ I f 




XI Photographs 



I Maps 



Location, Description, and Reference Number 

Oix^ltl- a-f gitSftC ef.fcW->, W!"'r Cc'iW;£. {■■l■o^ ^^y^.■^<l^ 



Geology, Physiology, Topography, and Special Features/Conditions: /Vhu u J/oi/^&i^^ i^^r,^^.''*^^ ~2k? ^f^ >» /^sin^ / vw ■? 



As /^ijn-d 1^ > -fi. i~<'fr'r« a. .L(b " O <t, iMS\ 



Culvert Inspection Report 



'-■ '"^ 



Roadway Station: JJd/j <^/f/^ ^■'A/ ^^)S ") Length: /^^^ '^^- 
CulvertType: C. S,A Diameter: ^■^Z''' 



General Condition; fo,gE?c/ 
Photograph Number(s): 



Approximate Age : /'/'^i>tirS 



Coating: ''KUA-'^'/'oJ'' Location of Soil Samples :^ ^bC^ f^kf 

Remarks/Comments: P/x,!^ jff/f..-^^^i /y>>-^/-,^ a^x>'=/ Ci>^e{/'A~»/J -<?^/r^., / ^/-^ ^r.<"<>^^u 4A':ii^^ *>At£e6r-tr , 



Sampling Equipment 

I I Backhoe 

□ Drill 

I ] Hand Auger 

[ylshovel 

rioihcr 



;;" 'l??S-''^4li5itv' 



incltide Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(l''!riU"'"'fy ""i- ili'viiili' •< 



53' 



MDT Materials District: Mi'6S<^ A 
Materials Supervisor: /p.j^, -fo,-'-^: 



Statewide Corrosivity Study-Sample Log 

Page 2 ^ 



County: 
Location: 



Materials 



(3 Soil Sample 
Qsoil Sample 
n So I! Sample 
n Soil Sample 
n Water Sample 
I I Coupon Sample 



Sample Id. # Code* 
p/' SI- SSI I n 



Sample Photograph 
Size Rerercnce 



A^ 






• A -Backfill sample from a corroded culver! 
B -Backfill sample from a non-corroded culvert 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel-POOOg) 
Minimum Sample Size 



Gravel 



Sand 



Silt/Clay 



9000g(I9.81b) 



C -Native soil snmple near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



6500g(U.3|b) ! .ISOOgf 9.91b) 



<='""'"*"*^= J-.l-^^4^ vr^r,^-..4 o r€ ?.7.\'°A 



Boriiig/Excavation Lop 

Field Engineer: • 



■ i-. 



\''Ji k 



>X'9A,"%T$ 



i ^^ ^^MUf%S^Ji 4 



Depth 



Boring/Excavation Location 



ASTM Visual Classification and Description 



Sample Depth 
from to 



Sample 
Number 



Remarks 



iforthation Checklist 



I Sampling site location and description (geology, topography, etc.) 
I Sampling equipment information/sampling methods 
Sampling methods 
Sampling mnterial information 

"i^n;:; Inj4 ill' ,,111 



Attachments 



123 Photographs of site 
LJMaps of project site 
[3 Adequate size soil samples 

(XlPholonrnphs ofsoil sninpl;^ sites 







NTL Engineering 
& Geoscience 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-30 1 



DO) 1 4lh SL SW, deal Falb, MT 4940].32ri9 

MPT Materials District; y^,'^<^t,^ /J County: /^^^/// Sampling Date: (st»i) [^A^A?^:^ 

Materials Supervisor: ^. U ■ 7^4/ Highway/Milepost: 93 //hj^ jU V^ Sampling Date: (finish) ■S-'p^'y^ 



Project Team Members: ./. 



General ', 



'•^t^&.i! 






Station/Offset: % ' '^/- i-'t ^ Sample Location: /^n-i/i/}/'. i^rf>jf^>oQ&. 



7'^T 



f^W' 6 ^'^! *• ^t ^2. A« *vJ;^K 



Site Description: '"^^W v.^ 4_<..r/'flH^J 'p>fi'' '^r>!'/f=,_ 



/ 



Site Sketch 



^'"A 



i»^Ay>^V<' ^^<:gj.Xf jf^yc/ /^///€>,t^ -x'/g^v ^/■}>-e><' 
■ jA/^/er- <*/.< rr-e^orfc^ rf-/oi^J'>'t^o ; 



Sample Locations: ;^///— x/^^/^^a^sJ- .^jfi .?; ;.., <<■ 



.-■^Cj ..'tyvtj 



Jmiv^/-/^ /i'Aj^ 



Weather Conditions; 



tf^A^^-' y^ 



■Q<C Id ^'~' 







A 







":^ Co>^ '■'-'' 



.4l. 





\ 



3 Photographs 



Location, Description, and Reference Number 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: SjJ^^^xa. ^f^c/s m^e c/h^xJ S^j^</ a**- t/e>rJii^ / 
(Taj h^'ffoo'^iiS ) : . — — 



Culvert Inspection Report , f.,ym., 

Roadway Station; /hfi'-ZlJ'^^- 

Culvert Type: C'S-^ 



'-- -i^^. z^■^^f^^>^,t0^^k^ ^i^n^Ki; -^/^fi ' yy^' 



Length: SOO V- 
Diameter: :^</' 



General Condition: ^ 
Photograph Number(s): 






Approximate Age : ^ ciri 



Coating; , o> v>./y, ,- aj^,.:.j-: t 



Location of Soil Samples : y'A/ltf e/ fyj/yer-f" 



Remarks/Comments: Pi^y' /3 wi.^ re f>^^Kr-e Loc^^c^ r^e^oJf-^J^rtJ -A/n s^L^.si- J-Lrrv^^l /b^-'^f/^'k.g/. ■ 

Sampling Equipment " 



',4» -iliiSrw 



■^^ ^..u^.. rmzm.^'^^ 



I I Backhoe 

□ Drill 

I [Hand Auger 

Shovel 

r~]0ihcr 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection ■ 

(ii'irlicnlinlv nnv rleviiilh'i 



A'it^if/ v^;/-.^.,■<? / ^aJ ^.m^^AJ .5//g.. rirt A^. ^-n// t^jT . A/¥^»r- ^AJver-r- 



55 



Statewide Corrosivity Study-Sample Log 

, y . Page 2 

MDT Materials District: /^/,'sio-> /? County: /f, 

Mnfcrinis Supervisor: 



/?.Ll>, >c^.' 



Location: 



/■'J //■ 



/hfi </:?. . -' »' 



Materials 



,"''' .■;v:,^i!M";ir 



[V] Soil Sample 
I \ Soil Sample 

I I Soil Sample 

I I Soil Sample 

(~1 Water Sample 
I J Coupon Sample 



Sample Id. # Code* 



Sample Photograph 
Size Reference 



.■••■•'sf**i«WM>'.:a 



For soil samples, enter 



Gravel 



the estimated percent of " "jb - gj^-lj ls^'-&F% 



Sand 



Sill/Clay 



material for each grain 

size. Collect a minimum 

sample size corresponding 

to the primary constituent 

fte. gravel-9000g) 

Minimum Sample Size 9000g (19.8 lb) 



6500g (14.3 lb) 



• A -Backfill sample from a conoded culvert 
B -Backfill sample from a non-corroded culvert 



4500g ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



■-L M ^ Si -i t.^ two's -:a-\ .A r g, - IS . D^'^ 



Boring/Excavation Log 



'!.i?!?," ''J''''Src 



Field Engineer: 



Boring/Excavation Location: 



Depth 



ASTM Visual Classification and Description 



Sample Depth 
from to 



Sample 
Number 



Remarks 



nformation Checklist 



Attachrhents 



J Sampling site location and description (geology, topography, etc.) 
J Sampling equipment information/sampling methods 
J Sampling methods 
JSnmpIiiip material information 



[y] Photographs of site 

I I Maps of project site 

P\ Adequate size soil samples 

[ I I'hotcigrnphs of soil snmple sites 



^f^ 



■I'CI, (.' 




NTL Engineering 
& Geoscience 



Statewide Corrosivity Study—Sample Log 

NTL Engineering Project Number 00-301 



1305 t4lh St SW, Oral Fatif, MT 4<M0]-]269 

MDT Materials District: |A\fe5i&a-lto County: S^fStJdiLCS 



Sampling Date: isim) 



5/2.3/ 



g>o 



Materials Supervisor: ^..W> ladiz 



Project Team Members 



■L-^f4 



Higliwav/Milepost : 9 3i5 ^ 13- . \ Sampling Date: (h™*) dilZ-l/DP 
Station/Offset: <&o^^//?A^ Sample Location: ^ 



ife,u..tf. .g 




General v . . » 

Site Description: C^»^.sO/^a.-,0^ wL... \?^<. KlV^ Site Sketch 



Sample Locations: '?s 4->"frv»».%wi''<'jH' 



Weather Conditions :^^^ 6ouA.^ MP^ 
3 !? 



!^ 



:b 






\ / / ' 



Jn 



m*^'"' 






^Photographs 



I Maps 



Location, Description, and Reference Number 



p/-sy 



Geology, Physiology, Topography, and Special Features/Conditions: (j.<.^t.4^yt.\vN^k4^. \oi'''ck., t ^^iunP. ^'Z.uiM j.«£ i^^-^-W< 



Culvert Inspection Report 



" n ? 



P^- jUiii^^A^4,^-^^^^^^^y^ '-'^'" '^^'^^^^i^^Si 



Length: 5^^ 



Diameter: ^j " 



General Condition: b&£acj> 
Photograph Number(s): 



Roadway Station: YV\fi \:^i1 '*>^- 

Culvert Type: CS? ' ^^ - ; - - -j-^ 

Approximate Age : IP-*- h r<8 Coating: KJft^tf /g?fe\-AM'.^.fi-^ , Location of SoilSamples: 3''^ o/- .'A/iycrT 

■Remarks/Comments: f^e- Ap^r.M'^y^ Ay., €>-C^m^:,.^. o^r/r^^. J.rA^>J ^. ^-^-^ Mf(- r/.e4*->\ am/^c^fi'rAJ 



Sampling Equipment 



, , . . . > 4v^*,.J4^j',T,->. .' ,»; '' "^ ^'>.i>./r<>^ , ""^H^ ,^riit^4«i Z''^^^^^^^ 



\ I Backhoe 
□ Drill 
I [Hand Auger 
f~tl Shovel 

r] Other 



Include Details of 
Sampling Equipment 
and Procedures/Metltods 
of Sample Collection 

(l>'!ri!ciiliirh nnv ffevialh'' 



57 



MDT Materials District: tA\-i><£)i^.A 



Statewide Corrosivity Study-Sample Log 

Page 2 



Materials Supervisor: ^vW, \o;lxL 



County: 
Location: 



l^\taerf.\ 



Uw>vv is.:s-, mfi \&v\ 



Materials 



Sample Id. # Code* 

S. Soil Sample T^l-S4-Sf>\ / t) 

[]] Soil Sample __/ 

[]] Soil Sample / 

Q Soil Sample / 

I I Water Sample ' 

I I Coupon Sample 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Sample Photograph 
Size Reference 



M?;~ 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel~9000g) 
Minimum Sample Size 




9000g(]9.8lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



V^^-^a^g,.r•^^ '^\ 



fxfa s •Vg.'i- ^' '^'r' -u. it.j'y is^ 



. \^\ ' 5 A u. yv\D --•t>\ ^. f «. M .S ^/^ 



Boring/Excavation Log 



.f,4-\fiJc . 






^i^S^^ 



|/B;: 



Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 













































































































































































































tiforthation Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

] Sampling materin! information 

'iii;nj4 i'lg in' '(111 



[ I Photographs of site 
LjMaps of project site 
[ J Adequate size soil samples 

L I Pliologrnph-< ofsoil snmple sites 



58 




NTL Engineering 
& Geoscience 

I50S I4lh SI SW. Great Falls, MT 4940]-)2(» 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



: r\v.sa(A\fi. 



MDT Materials District; 

Materials Supervisor: ?.-.VJ. \r7 A-i> 

Project Team Members: VVvu H<fi'^'^^ 



County: 



Sfeyd^fcr ^ 



Sampling Date: uun) 



aIm^ 



fVh 



Highway/Milepost: ?^l<? VI ,'^'^ Sampling Date: (iwa) :^lZ^i/)n 
Station/OfTset: <fy^*^- l4- 4. Sample Location: ^^ ..^.^UQtL of Vu>^o^ 




Site Description 



'^xA^. ^Aft^-p*. bgrVVs. W'V-f^ci- gft-" tamA \>fo£. I:.,., g'^ 






M 



IBaXti'lr^Q 



7i 



Sample Locations: 



jT 



''e.r.^>Sm/>r fM>i...:. f.^iL'^r-r-^ 



Weather Conditions: yO^^ dl/^i. f^ " 



^XKI^ 



^^^ 




Location, Description, and Reference Number 



Photographs 



I Maps 



Geology, Physiology, Topography, and Special Features/Conditions: /rS //a •> A^r-rw hi.) ^ jfi^j. »y/L 'd^-» m^ tfi6ia^..fe/^y'iea<.y^..^.- Aj. ..r 
(o\t^c..N^\ •\\'\ - V\-r<,<^ feWv'^< fc>j<,u;'fe'^ fe'-jq' 'S»a..-C>~fc»f-->'-'iAU,r cmtxi i^vHV. Sll-*!. .<»-fc.>.>d- V\>-rf<. 



Culvert Inspection I(:cpbH£X;:..^::M&^i£M^^^^ ""^^^^ " '^-tf^^^^^r^'^feii^^^ 

Roadway Station; ./M^ \^^^ Length: ,*?j:? ^ General Condition: ^atA</ 

Culvert Type: (f-S/^ Diameter: J*^ ^ Photograph Number(s): 



Approximate Age : a^S~¥ ^/-.J 



Coating: ^/,mm"Z^'/ 



Location of Soil Samples : ^tf/^^c. 



Remarks/Comments: . ^,j/ ^u^^r- /^s./- ^^^r^S^^*}) - J^-h- jfi/t^MMr' <^^ 's4>J^ J:3 d4»AfrJ"A»J^. /^^ ^ ^rT*. 
(P^->AJ A:><f i'tJt&7^-r- (<5'i^.<d»^.^'»/ /'i^A-Agi^^/ . , — ■ 



Sampling Equipment 

I I Backhoe 
□ Drill 
I I Hand Auger 
^ Shovel 
r]oilicr 



-.f,iiS"-i t^i^if^'* Hi 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(p'lriicnf/trly iinv ileviiilir-'i 



'B9 



Statewide Corrosivity Study— Sample Log 



Page 2 



MDT Materials District: 










County: 
Location: 








Materials Supervisor: 




















Materials 






■ZM-0J? 




-^-:~,. ::.:f0s:vyM. :^'^.*M- 


»-^^^t>^v:>^ii^^^;v;*^« . . ,..;>'^y- 


:i. ::\i- ^v^:;; 'ailftplft^f :yi?,.:,, ;. 




Code* 


Sample 
Size 


Photograph 
Reference 








Sample Id. f( 

■>^ Soil Sample T\\-SS'-SSl / 


For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
fie. gravel-9000g) 
Minimum Sample Size 


Gravel 

<T6'4 


Sand Sill/Clay 


Soil Sample / 








i 


Soil Sample / 












Soil Sample / 










i 


Water Sample 




9000g(J9.8lb) 


6500g(14.3lb) 


4500g( 9.91b) 


Coupon Sample 

















A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



Xm-sHu, x^o\i^\u.rc 3?"). 5% 



Boririg/Excavation Log 



■i-t "^ 



, \,^vWM ifft-V^ 



.M^^^^l^ 



Field Engineer: 



Boring/Exca\ation Location 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 















































































































































































































n formation Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J Sampling material information 

■"lin;.', |Mg in' ...n 



I I Photographs of site 

I I Maps of project site 

LJ Adequate size soil samples 

I I Photographs of soil snmplc sites 



c'(i 




NTL Engineering 
& Geoscience 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-301 



tSOS Ulh St. SW, Orenl Falb. NIT <9403-J2C9 

MDT Materials District: fAxi^Scu. \'c^ County: Ucke. ^ = ^. r 

atcrials Supervisor: ^.\-^lXoil HigJiway/Milcpost:j5Bj2^_(v\£S.7^SampllngDatc: m,» 3/zs/a& 



Sampling Date: (si«t) '^I-vj.Idd 



M 



"1\ i] 

Project Team Members: \Jot^ -Tifj^u-A-C 



General 






Slte Description: \<oUsv~.^ "r e<--<^fa\.^ . <v\aJiV 

\^ta<~c •s\»(^.-^6 ) qfa^^ Csr»/^r, A'C^i^O' .Ay^.-/A <4. 



Station/Offset: *4S''^'^~ Lh^ Sample Location: ^ ' ^^^\^, ,^f4- 

Site Sketch 






Sample Locations 



1 i ^^ -»!• 



Weather Conditions : ^^ CAc*"'. ^\5^ 





1 


Afr 






j^ : ; 




- ^ 




5 i 






r b 




,avV-^H) 


! ■: 




:: ^P^^"^ 




1 




t— 




, ^'.^ 


H'^ 


! 

1 




^ 






Location, Description, and Reference Number 


Photographs 






Maps 















Geology, Physiology, Topography, and Special Features/Conditions: S U T to I .<»->-.■■!• , gi Y-<^s/^y! *■ . Z/^.* -'-> ^ g '^ ^<' />-y'-v.- />fe^ /- x. / 



Culvert Inspection Report 



i'-^-'C 



Roadway Station: ^/Q .<r, "7 
Culvert Type: /^,.r /^ 



a 



jj^a. 



Length: 
Diameter: S*/' 



/ 4/^ 



General Condition: /^ , > ' 
Photograph Number(s): 



Approximate Age : /S'-'-<^'o - .-s Coating: ^^A.^J±.<e.^ Location of Soil Samples: ..^ -* ,y..f4f,>t >>rt.rv^- 

Remarks/Comments: /J//^.^^^ ^X^^xf^sJ /r-^ d / ^^a^- S-r -i tf^/Iy A\ / /^ i-a^x-.-^^ y%.j /jf>y- T^^j^^^r^-^ <'M-'^^r>-^^^-' ' — . 



Sampling Equipment 

I I Backhoe 

□ Drill 

I I Hand Auger 

[^Shovel 

rioihcr 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(l''!rticvlf'*-h' nnv flcvilltii"! 



61" 



MDT Malcrinls District: y^-/'.gjfg?A '^ 
Malcrinls Supervisor: y.^' /.,..■ , -^ „-.fy 



Statewide Corrosivity Study-Sample Log 

J Page 2 



County: 
Lociition: 



.^Ai: 



T -^/^ 



'^'^.T^/- 



Materials 



[3^oil Sample 

I ]Soil Sample 

QSoil Sample 
n Soil Sample 
Q Water Sample 
I I Coupon Samplf 



Sample Id. # Code* 

/ 



Sample Photograph 
Size Reference 



£*^l§fels?S'";* ■!;;■:{;?;;■ ' 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel-9000g) 
Minimum Sample Size 



• A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Gravel 


Sand 


i Sill/Clay 




' 85^;^^>- 


i 


: i 




1 


9000g(19.8lb) 


6500g (14.3 lb) 


4500g ( 9.9 lb) 



Comments: J^ -s/-/l, ^aj -'S i^cAr<- ' Xl ,\^ h 



Boring/Exlavaition libg 



Field Engineer: 



Boring/Excavation Location 



'-.s^ 4,.^^,,»V4«3 



Depth 



, ASTM Visual Classification and Description 



Sampje Depth 
from to 



Sample 

Number 



Remarks 



[nformation Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J Sampling material information 

'"rin!; lug in' ,oii 



I I Photographs of site 

I 1 Maps of project site 

I I Adequate size soil samples 

LI PIiiMographs of soil sample sites 

r ■ - • 



,p!.. 



:i'i.'r, f 



NTL Engineering 
& Geoscience 

1 505 1 4th SI. S W. CiMI Falls. MT 49403-32(19 

MDT Materials District: K^^5&0uUfi County: KvU.£-^ 

Materials Supervisor: SxWv \ni^ 




Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 
Sampling Date: wan) 3/&/ J^D 



Project Team Members: Tl>iaw^ ■V\A:u,p^C 
General 



County: kykt.- Sampling Date: wan) 5/5/ /oP 

Hiphwav/Mileno5t: ?£ Ml/ Sampling Date: mzM ^fS,] f^p 
Station/Offset: Boa'-iPOo' Ur Sample Location:___ 



Site Description: ?fe.Vi\ft Ve-t Ae^ Cfe>K J..>.\ . Site Sketch 



Sample Locations: 6> u^g>6Tf~tte-vw o"^ tX''-rf,t< caVSg j 




Location, Description, and Reference Number 
2 Photographs ^ 



Weather Conditions: (^^c MS~SO^ 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 'TT/.-i 4>r^/i^j//i ^ A A£>£^ •//. ir><f- f^A'//^^<:/ >--^4<' , V 

— ' ^ y 



CO y e.l~tt<J fa' 






Culvert Inspection Report 



Roadway Station: W, »C YAP Sl.O 
Culvert Type: C^ 



^3' 



Length; 

Diameter: /jtUKJ '-^-^ 



General Condition: p&\< 

Photograph Numbcr(s): 



Approximate Age : 5>Qh<^ 



i.-ti. 



Coating: ^fe\/R.fAi2X.^:^ 



Location of Soil Samples : 6 u rv■^Vf^^<^;^ 



Remarks/Comments: g/,„^/V\ x,.^ JU ^Llurl.^ C ^tr ^^.Jd'imu C^K^sldcrM)'. Am^^-^A ^^ fuS^ /Alr^^AH^ i ) 

/ . ' ' , ^^\ ........... ,.. . . .■ . • ■ 

'Sampling Equipment- . ' ' '■ '■ - ; "Hy^-^-'-^-^-V-' •:i:'-> ":-^ '''■-;-- ^----^ ■■ ' 

I I Backhoe 
□ Drill 



I I Hand Auger 
D?l Shovel 



r)iivT 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(p'!r;ir!'f"ff\' fj'tv tft'viafh •' 



e^-i 



Statewide Corrosivity Study-Sample Log 



MDT Mntcrinls District: 
Materials Supervisor: 



/-^I'^Si 



i>H. M 



Page 2 



/e,iv,"P.'/<:i' ■ 



County: 
Location: 



^A,Ae 



Materials 



Soil Sample 

1 I Soil Sample 
f~| Soil Sample 
I I Soil Sample 

I I Water Sample 
I I Coupon Sample 



Sample Id. U Code* 



Sample Photograph 
Size Reference 






For soil samples, enter Gravel | Sand \ Silt/Clay 
the estimated percent of /sfi i ^5'-^ 


material for each grain j 


size. Collect a minimum \ 


sample size corresponding 




to the primary constituent 

(ie. gravel-9000g) 

Minimum Sample Size 9000g (19.8 ib) 


6500g (14.3 lb) 1 4500g ( 9.9 lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: <Zn^'-^/ ^'''^ /s 't-ioz/j^ x^ajc/ j^^/'tK /a^Qt" r;^f.4 (^S '-/d") 'ij /j^,, 



-'^- ^.BAiAfS- K.^7^ 



.MJ'5 t'^i^ 



Boriiig/Excavafibn fcbg 



-nJ'a-'.'WSvWT^ 



Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 















































































































































































































nforihation Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J. Sampling malerinl information 



.;•.-. I. 



I I Photographs of site 

LjMaps of project site 

[j Adequate size soil samples 

L IPiiotopraphs of soil snmple sites 

'■-■64 ' -"-■'■ 



.'I QSL NTL Engineering 

's ' \ & Geoscience 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Nunjber 00-30 1 



150J 14th Si. SW, Cre»l FalU, MT 49403-3269 

MDT Materials District: Ul.4M.t6 Pg wt- County: 1.1 UC-^ M Sampling Date: (s««) 3 -|5-"Z^^0 

Materials Supervisor: 1.V^^i,^uowr Highway/MilefASn yY5 > <^ "^ Sa ^ ' 

Station/Offset: ^ <; ^ 1^' *^ *- «<■ 
Project Team Members: ^ > (^^d^^v\£>^^ «t ^L-^ (!»> V O (>^ K »- L- 

...^ . . iftr i<. Ai-A- fi .Siij! 9i,^ ,2iv 

General 



.. _ , J ,„, ^ „ampling Date: cnnish) 
Station/Offset: j^ Cj ' \^X ^ Sample Location: ,_ 



-^ 



Site Description: n.^, '2- . l\n.P.15.g^5 



A?!, ^ ;Vfe>!: ■g'^ gj-g i^'-^j-i ;a.x' ^>-?i '■ ' J. '4i!lt^lfeH^Sj^--i#'^^:S^fe^ 



»ue uescripnou; 1 1 i -> , t^ i wi . k i »v .-/ ^ 



Site Sketch 



Sample Locations: T^U?V V i U-g. C? f^ 6g¥^— 
•^ In ^y^owv ni-hctv 1^1 M fi- ^ "^^ 




^Photographs 



Weather Conditions : ^^ ^y -^^"r^ '. Q JVa-r<~V 



Location, Description, and Reference Number 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: : _ 

<j/e.ay^/^ — — — 



Culvert Inspection Report 



Roadway Station: ir^t(>» "1*; .^G 
Culvert Type: £• ' '^ . P , 



Approximate Age : "h "VF2^f^<L4y 
Remarks/Comments: 



Sampling Equipment 



I iBaclchoe 

□ Drill 

I I Hand Auger 

Ssiiove! 

rl()i''-;r 



Length: (r>-Z-.g> * ^^ 



Diameter: "Z-A 



Coating: IVAC? t-\ \i-~ 



• •">??' -'d"^g 



General Condition: ^j^oi) 



Photograph Number(s): 1 — ^ 



Location of Soil Samples : Sf^ adct/0 



Jr ^^jf-'Atg^i^ 



Include Details of fijQ^PT ^txxnrVU V •pYlx;>'7-fi-M 6.(?.rJ^iM>0 - U '?'6 

Sampling Equipment "^U^OVVxt "XO € P>'KPl^f^ 

and Procedures/Methods _^ 

of Sample Collection , 

(ir!rlU—l"'ly nitv ili'viatl ' _ ._ _. 



Statewide Corrosivity Study-Sample Log 

Page 2 
MDT Materials District: V^fiUV 5PTi^«- County: Ll K1L.OUU 



Materials Supervisor: 



Tv.^g^a M^,rt 



Location: 



jU_ 



6.^3 / tttNvP / ns.'^s 



Materials 



I I Soil Sample 

LJSoil Sample 
Q Soil Sample 
LjSoil Sample 
r~l Water Sample 
I I Coupon Sample 



Sample Photograph 
Sample Id. # Code* Size Reference 

_» I StO ^ 

MD 3 



1^^ 



* A -Bnckflll sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
fie. gravel-9000g) 
Minimum Sample Size 


Gravel 


Sand 


Silt/Clay 


(& .(PS 


£> .C^^ 


c»q 
















! 


9000g(19.8lb) 


6500g(14.3lb) 


4S0Og ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 






Boring/Excavaiion Log 



^\^ ^^' ^ 



t^. Pi.}A 



Field Engineer: 



Boring/Excavation Location: 



Depth 



ASTM Visual Classification and Description 



Sample Depth 
from to 



Sample 
Number 



Remarks 



tiforriiatlon Checklist 



Attachments 



] Sampling site location and description (geology, topography, etc.) | | Photographs of site 

jSampling equipment information/sampling methods QMaps of project site 

] Sampling methods Q Adequate size soil samples 

JSampling material information [~IPli<-'l<'gnipI'^ of soil snmple sites 



•Kill 



fifi 




NTL Engineering 
& Geoscience 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-301 



1505 14* St. SW, Orenl Falls, MT 4W()3-J2f.') 

MDT IMaterials District: ^C^»A6<>fi..uv— County: U.taU>L.U 



Sampling Date: («>«) 3 /I 9 /z ^'^ 

Materials Supervisor: SV-.f^vVSkUU^ Highway/Milepost: tl^S. ^^1 1 ^. 5 Sampling Date: (finish) ' ^ 

Station/Offset: "^5 ' X[^^ ^ Sample Location:_ ■ '^^,- 

Project Team Members: <\L. ^acAt';mf»M^ |^> r^\f>u;fi/LL- — 



General 






tffll i:^ 



*" fM, st.> *«ife ,. 4 ^5^ i ^. ^^^"wm 



Site Description: "^k. s^-x L \\ s^ ^3 u^a. j^\;^ f ^ 



Site Sketch 



Sample Locations: ■%-' "PAIp*^ I M-t ly-T £?P- 



Weather Conditions : ^^^ t,-;- y,'^ ^V-^i^oy ■ U'COfiA- 



/ 
I 

ro 






,1\ 






■t) '^ 
J 2 



Location, Description, and Reference Number 
[Photographs ZoctST,'e>tJ^^ pA^^as S -S^ 



I Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Repbrt 



. ;-.^i*<;.l.--.v'j4jj..'' 



Roadway Station: t vn vg , \ ^ S^S 



Length: 
Diameter: 



5V 



General Condition: 



tiOOii^ 



^4 " 



Culvert Type: ^ ^-*S. <^ '.9'' 

Approximate Age : VS (/ f2,^xu^ Coating: 'Kn^M ti- 



Photograph Number(s): ^ — • S 
Location of Soil Samples] 



Remarks/Comments: 



gu.-rV'fL--T- ZJn-U4v4K'Q 1ftU.T- /vi£>-r U,V.V5TFlO 



Sampling Eqwipment 

I iBackhoe 

□ Drill 

I I Hand Auger 

[^Shovel 



j ■ -- v^i^i:,5<; 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 



67 



statewide Corrosivity Study--Sample Log 

Page 2 
MDT Materials District: \L <Vut6Pg: ^L, County: -L- 1 A.( /iOl^l^l 

Materials Supervisor: >^ ■ 'pqg kjl^:^ Location: U . 6 . -^ / t-y^ . P/ 1 ^5 . S" 



Materials 



LjSoil Sample 
LjSoil Sample 
LjSoil Sample 

I I Soil Sample 

I I Water Sample 
I I Coupon Sample 



Sample Id. ft Code* 

^/v- /_Q. 



Sample Photograph 
Size Reference 






For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to t/te primary constituent 
(ie. gravel-POOOg) 
Minimum Sample Size 



Gravel 



Snnd 

's 



Sill/Clay 



9000g(19.8lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



6500g (14.3 lb) 1 4500g ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: /A^^/TC^ /t^ts>>:rrcct<e ^ /V3 /^ 



Boririg/ExJEavation Log 



:.-.?t-';'%-'.f,r:#\. ■' 



Field Engineer: Rorinp/Excavation Location: 










Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 















































































































































































































fiforihafion Checklist 



Attachments 



] Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J, Sampling material information 

'-"riiig j.igiir' lun 



I I Photographs of site 
I I Maps of project site 
[_J Adequate size soil samples 

[ |PiiiiliiDrnpti^ f-i' ■,■1 snmple sites 

r 



ss 



■I'C.]. f 




NIL Engineering 
& Geoscience 

1505 I4lh Si. SW, GteM Fnllj. MT 4')4(I3-J269 



Statewide Corrosivity Study-Sample Log 



IMDT Materials District: \LcU^\^ (ffi\^^ County: UNa-^cM ..^f.|jf^^ 

Materials Supervisor: ^,t^n^UU.^Hr Highway/Mllcpost: x^ ,6.^3 



Station/Offset: "7^;^ ^T 4i. Sample Location: "^ 



NTL Engineering Project Number 00-301 



pling Date: wan) "^^-j^ ~~l^C^ 
Sampling Date: (finish) 



Project Team Members: VL. ' <?>V CV^^-V a£3X>iv V- ■ ^\Oi^(LUU 



General 



«,v 



'-%'toi Ail';,^>» ,;j:y 



H I A^i^'A'. ' /m •- .^"^v^^K-t^..' 



Site Description: 



T^Tg n is: ST V^ A v4-HiJL -6 ■> . 



Site Sketch 



/»,tY.fN-LL 4Pfi>tJM^ 6YLg56g'> t\X>A<D, 



Sample Locations: l^ ^^hJ^JC ^yi^ k^VrW^^ 



?)yi.vc><v 



"Fl-^^*^ UlMiL 



T^ 



\ 

L 



\ 



a-%'--'- 






^^'photographs 



Weather Conditions : U'P^^'O^ ^o' 6 rv. o ^t i->/ 
^.U?UO^I ^V-V^kT" P.n.Hfi:T2.1L 



/ 



A/ 



i:"'x~ 



4^- ^«^i-\f\^-. 



6utT i-Tv-r 






I 



Location, Description, and Reference Number 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



-T- 



Culvert Inspection RiepOirt 



Roadway Station:_ 
Culvert Type: 
Approximate Age: 

Remarks/Comments: 



Uy <N\ , fi 






Length: 

Diameter: 

Coating: 



^S /?^ 






General Condition: Li DO'f) 

Photograph Numbcr(s): ^"V^ 



Location of Soil Samples : <? <i^/^*~' T^^^/y^f^ 



6v a^U I J^ <^ £?W t[lv1 TVV-Pi-VW. 



Sampling Equipment 

I I Backhoe 
□ Drill 
I I Hand Auger 
Q Shovel 
n Oilier 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

([*''rtir!'f"f'h' onv flev'uit'fr't 



6%- 



MDT Materials District: 
Miitcrinls Supervisor: 



Statewide Corrosivity Study-Sample Log 

Page 2 
\^p,UVSPli^-^ County: 



'P-~>Pa.^Mc_H- 



Location: 



L. t<U C,OL,K.i 



U, 5. °l^ /rw.P/ 16"3.6» 



Materials 



j_]Soil Sample 
I I Soil Sample 
LJSoii Sample 

I I Soil Sample 

I I Water Sample 

I I Coupon Sample 



Sample Id. H 
% 



Code* 

,/ 
I 



Sample Pliotogrnph 
Size Reference 



JQ. 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
fie. gravel-9000g) 
Minimum Sample Size 



Gravel 



0.^ 



Sand 



Silt/Clay 



a^ 



9000g(19.8lb) 



6500g (14.3 lb) 



4S00g( 9.91b) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



,U^s/Tc^ x^*>Axri^jtc = S'V.7^ 



Boring/Excavation Log 






"t* vUmmtlKid 



Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 








































































































































. 





































































nforihation Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J. Sampling material information 

•'•ri'i.- I..j4iii'' .on 



I [photographs of site 
LjMaps of project site 
(_J Adequate size soil samples 

|_ |PI)oU)f;rapIi<; of !;ni| sample sites 



NIL Engineering 
& Geoscience 

IJI15 UlhSt SW, Ore«l Falls. MT 49403-3269 

MDT Materials District: V,.p\ U&'Pfe L t_ 
Matcrinis Supervisor: (L^'FftE^lM. CW 




Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



County: '^^P^^wP^ Sampling Date: (««> 

Highway/Milcpost^fijL^^EliLtSr Sampling Date: (r,™sh) 
Station/Offset: -7 ^ ^ nX ^ Sample Location: ^ 



.; t' v» 



Project Team Members: <fl... "^^gxAL-STn^r^ ■ V^ ^ QiK'O i ^S,\-L~ 



General 



• '^%->^ ••#'•• ^^ * ^»-4,$i;>-|^fJ 



'rks- jT".'^ *'^i''^'> 



'f V 'V ' ^ « 



Site Description: (^ t^ /U(.H gj^i .x_V r^- v-ArT- '^ 
\vvV3kfto /^rt,p, 'S^i-AMIP ^ F-ggR^-fr 

tjLlU '[?,\rL' ■! -^VNixj^ ia^ ^lX,fi^(?L-<.^ 



Site Sketch 



Sample Locations: 






^Oa\^ A-T \T ^ ,At-^/ 7 m-J=v$' 



^JA^MPIK 




I _ 






]3 Photographs /ocar/^^jJ ^ ^ /J^f^^^ /3'/6> 



Weather Conditions : yvxp^'VO-V . (ji^yii o^l '. 

^fKii Az?^5 f nay 









H 



t 



IMC4.<v 




Location 



J— J. 



Description, and Reference Number 



[Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Repdrt 



':mMsiM 



Roadway Station: w^ '^-^ "^ 
Culvert Type: C- i r«\ ^9 , 



Approximate Age : X/^? VfL(^vli> 



Length: 

Diameter: 

Coating: 



\ ^^ 



6 ^^?0 



-^4 



/' 



ftAgM^ 



Remarks/Comments: 



'vjVLU'F.-T>-rv/7U A. ft<l?t<^/M Ci-OSIL 



General Condition: 

Photograph Number(s): X^ ~A£' 

Location of Soli Samples : ^gg c4^t^<s 



xj..((v-T^(V ' Vr/V(V-0 -^^ '^Y>.^ j \^aT^ \J^ (Uoo^ ^^ m 01 ' >^^/ 



Sampling Equipment 






( I Backhoe 

D Drill 

I I Hand Auger 

[gsiiovel 

rir)i!.'.M- 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(l"<rtii'''f''''h' ativ iti'vUtll ■' 



71 



MDT Materials District: 
Materials Supervisor: 



Statewide Corrosivity Study-Sample Log 

Page 2 

l^P<t>A5^W LU County: V^LJVTWfiLAO 

Q~^ ^\l ^.t'4C\^ Location: ' f>t\T A£? /vA.P. -Z,." 



Materials 






Sample Id. # Code* 


Soil Sample 


A / o 


Soil Sample 


4J^ / O 


Soil Sample 


/ 


Soil Sample 


/ 


Water Sample 




Coupon Sample 





Sample Pliontogrnph 
Size Reference 






For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
Oe. gravel-POOOg) 
Minimum Sample Size 



Gravel 

^ 



Sand > I Sill/Clay 




9000g(I9.8lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: j./US/7-Ca. j'>^e::>/S7iU^^ ^ ^^S*. 0% 



Boring/Excavation Log 



*»c^ -* S>f -'■■ 






Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 


















s 





























































































































































































































n formation Checl^Iist 



Attaclimehts 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J Siimpiinp material information 



'f!lg |i:g 111 



I I Photographs of site 

[_JMaps of project site 

LJ Adequate size soil samples 

L I Photopraphs of soil snntple sites 




, NTL Engineering 
& Geoscience 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



1305 I4lh Si. SW. Gieal Falls. MT 49403-3269 

MDT Materials District: V^~JV>a.6 ^% L. »— County: 
Materials Supervisor: 



^^VINiQ-g.fl.'? 



(LvpyL^M^tT 



Highwav/Milepost: UVuy 
Station/Offset: t^ g> ^ CLT ^ 



Sampling Date: (sian) 
^zJ?- ^ Sampling Date: (nnish) 
Sample Location: ^ 



I- i> i\ 



Project Team Members: \Uy P>c /JZ-^Tll/rjtv^ ^ V^^ C^tl"^\A^fi- 



General 



■#^-'v'%> ^^#it^'^^^#4.$t>i .i^f^/- »- t f%fM ^ ".-^i^-^t^ v.-g»->^,ii^#i^^^> T-^Ti 



Site Description: t'\"WfiuU- &. 5l,^iv ^v.O\i\jiU U 



Site Sketch 



Sample Locations: P,-g;-?t^ F». P \ P K- ^ 



^ 



\"^ Q- UL p^/j \^ 0\^-x i^Hv-r 



%- ^ fig-T-^'-c FUJU? j/t U t=L 




Weather Conditions : ^^p(^ 3g'^ i ^'LiCHt 



^ Photographs 



I Maps 



Location} Description, and Reference Number 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Report 

Roadway Station: <>> » P . '7-^ > 
Culvert Type: <L> OSi ■ P - 






J'.ir''- , 



Approximate Age : -jjO "*" VFLfi-V\/6 



Length: 

Diameter: 

Coating: 



\-%-Cf 



General Condition: f- Sy\<i. 



<ie 



II 



Photograph Number(s): /'P'J^O 



K\ g> 1^1 R- 



Location of Soil Samples : S-ee o^e>i^& 



Remarlcs/Comments: \^ 4u\ttU-T a^U.$T 

^n^^ g^u^T :0-y T^V 



,fV.-X x/J A-x tt\S\^ L(UW -L ^^<rC>^^ 



Sampling Equipment 

I I Backhoe 

□ Drill 

I I Hand Auger 

(3.Shovei 

rioiiv.T 



■imii'i'Smi'rV'i 



Include Details of 
Sampling Equipment 
and Procedures/Metltods 
of Sample Collection 

(j"!rtir"f"i-h' nnv fh'vitifi '> 



7^ 



statewide Corrosivity Study-Sample Log 



MDT Malcrinis District: 
Miitcrinls Supervisor: 



0- . ^r-^^,g iu.<si+- 



Page2 



County: 
Location: 






Materials 






Sample Photograph 
Sample Id. ft Code* Size Reference 



I I Soil Sample 

LjSoil Sample 
I I Soil Sample 

I ] Soil Sample 

I I Water Sample 
I I Coupon Sample 



lAi. 



C^ 



• A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel-9000g) 
Minimum Sample Sire 


Gravel 

(P 




Sand 


1 Silt/Clay 


P 


' w>(^ 












i 




i 

■ 


9000g(I9.8lb) 


■ 
6500g(lJ.3lb) 


1 4S00g( 9.91b) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



/jufJTJ-rc^ yt^^y^r^c^jftr s JTS^VY^ 



Bdririg^xcavation Log 



Si.m::mm... 



Field Engineer* 



Boring/Excavation Location' 



Depth 



ASTM Visual Classification and Description 



Sample Deptli 
from to 



Sample 
Number 



Remarks 



tiforihafion Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J Sampling material information 

'■'ling |.:g ill' .DM 



I I Photographs of site 
I I Maps of project site 
[_J Adequate size soil samples 

L iPhologrnphs of soil snmple sites 



-il\ 




aaxoBtx.Mi\ 



NTL Engineering 
& Geoscience 

1505 Uth SI. SW, Orent Falls. NIT 4940J-32f.9 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-30 1 



IMDT Materials District: ^4Pr Ul^Q^L-t- County: F WVT b4-K,Ao 
IMafcrials Supervisor: Q-^ F\1-^K^H Highway/Mitepost: gz^ / 1-4 



Sampling Date: (!i«n) 
Sampling Date: (linish)^ 
Station/Offset: -2^1 ' XLX ^ Sample Location: R 



(l '• p 



Project Team Members: Vk. R R <:^t<: STnyvtr^ -t^ >t-^ R i O vl/ B, uU 



General 



-yi^V'^ j^^tiy»'j^!|5'|v;3^f/.^; :^ 



M^ 4-^l;-aWA^-*^>^S ti">^t^ 



Site Description: 6<.(a-»At*-V rX^y H- ( kt 6 



Site Sketch 



4- 



fT)-^ Uvivu-\i *> Wc>ari- 



M^ 



Vyvtyri^ vu A^-rts^VT^ 



Sample Locations: 



r)H f^L^u> 1^1 x^g,^ 



Weather Conditions : C\.£4 B-T~ VM t m D tv\ ^0 



f-M 



\MV 




^-r 






-r^^ 






\ 



^■< 






/ 



Location, Description, and Reference Number 
g Photographs ^'c^Tro^J ^C> y^Jtc^^tsS S/'Ji*/ 



I Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Repbrt 



^Wi*s 



t.^ 



Roadway Station: t>fA > fi \ 
Culvert Type: ^« ^<\ >P . 

Approximate Age : ^S Vfiftvt'^ 



Length: 

Diameter: 

Coating: 



3JL 



n.^ 



General Condition; ^^g?0 

Photograph Numbcr(s): ^/-Jt*/ 



Uo M rt 



Remarks/Comments: 



^ K L'^r 



Location of Soil Samples : J^e^ aA^^t^tr 



<^AaA^k\kiO \.U\.P.r j MgKjfi /7>\J t^^'^T ^P^ PVi^lL 



Sampling Equipment 



I I Baclchoe 

□ Drill 

I I Hand Auger 

HLsiiovel 

(?^r)ij!.;r OvU-t- 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(/•'•rl!r"''"'f "'If ricviiith"' 



Statewide Corrosivity Study— Sample Log 



MDT Materinis District: 
Materials Supervisor: 



\Utvv-A$Pylw' 



Page 2 



g ■ 'Px'L.'^U CA-t 



County: 
Location: 






Materials 






I I Soil Sample 

I I Soil Sample 
I I Soil Sample 
I I Soil Sample 
(~~| Water Sample 
I ] Coupon Sample 



Sample Id. # Code* 

_i_ /_Dl 

I ft- / o 



Sample Photogrnph 
Size Reference 



For soil samples!, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel-9000g) 
Minimum Sample Size 



A -Backfill sample rrotn a corroded culvert 
B -Backfill sample from a non-corroded culvert 




9000g(19.8lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: /U>.S/rCt ffV^O/'J^Ujee ^ ^^-S % 



Boriiig/Excayation Log'- ? 






•-» •Wf^W;'3-?^S^><' ^'y-^^g; ^-^^^'Ai% 



Field Engineer: _ 


Borine/Excavation Location: 










Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 
















* 



























































































































































































nforthafion Checklist 



Attachments 



J Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

] Sampling methods 

J Sampling material information 

!"ri:i!! |i;j4 in' \<\\\ 



I I Photographs of site 

I I Maps of project site 

[_] Adequate size soil samples 

|_ I Photographs of soil .■sample sites 

'^ 76 ' ipl'. :!icr, (.:■■■ 




NTL Engineering 
& Geoscience 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-301 



1305 Mdl St SW, Otenl Falls. NIT <')403-32f.9 

MDT Materials District: \Lj>. \a ■?pfi Z^V- County: f?-Wv-t'C-r fi ACa Sampling Date: (san) 3 /^^ / -Z-Oaa 

Materials Supervisor: U-, P-aBA.c^tt- Highwav/Milenost: fe^ / ITA ■? . g- ?>'ZS'ampling Date: (nni.i,) __^ 

Station/Offset: 6 g" '' C-F ^ Sample Location: ^ 

Project Team Members: — . 



General 



Pa^-T' t^ v^t^ t M. ^ 



Site Description: 

Ln-gt-gii^ ^ f^v.ix-r /:<cv ^A-^< \^a-<u.(0-5 



r 



Site Sketch 






?r - (^ 



'Z 



It/?^^ 



Sample Locations: ^ <& ^ T^-yiOK /?u.T L-tCT 

1^( »>a t^ . : 




Weather Conditions : w,,^ -^o' "P /^W (t tU Cft -y T" 



^ ^Photographs 



[Maps 



Location) Description, and Reference Number 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Riepbrt 



\<^^^^^^''^^i'-' 



■- "-'-'it"rrar:". 



General Condition: 



LOO^ 



Roadway Station: ■^^ > P > 'B7 . ^5 Length: Y^O_ 

Culvert Type: c > l"^ > P « Diameter: Q V^OnX Photograph Numbcr(s): <:S^~^f 

Annroximate Aee : -^<? V tC firV7.1> Coating: AX g M R Location of Soil Samples : , ;{^ a^o i ^^ 

Remarks/Comments: €>/^«V^ ^U'^F- rfV-QK n>U ST' ^_M M^/^T fi <ft L-tA^K- 

^^ Rnw>l^ __ . ■_ ■_ 



Sampling Egtiipment 



I I Backhoe 

□ Drill 

I I Hand Auger 

dshovcl 

Floilvr 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(f"!r!ir>'f"i-I\' nttv (l('vjilti'"i 



77 



MDT Materials District: 
Materials Supervisor: 



^J^r'-^.^P^ U 



Statewide Corrosivity Study-Sample Log 

Page 2 



'CL . ^\-v(?.ta.oi-^ 



County: 
Location: 



"7 



Materials 



[_J Soil Sample 
I I Soil Sample 

I I Soil Sample 

I I Soil Sample 

Q Water Sample 
I I Coupon Sample 



Sample Id. # 



Code* 

/ o 

./_ 

_/_ 

/ 



Sample Photograph 
Size Reference 






_Q. 



For soil sampler, enter 
the estimated percent of 
material for each grain 
size. Colled a minimum 
sample size corresponding 
to thcprimar}' constituent 
fie. gravel-POOOg) 
Minimum Sample Size 



Gravel 



Sand 

j2L 



Sill/Clay 
I 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 




C -Native soli sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



^k^rJTiU j»a^^^:n:.tj^e ^ JZS.3^^ 



Bdring/Excavafion Log 



* '. 



,um-..-^:'i:?c t' ^} .. ■ . 'i.^.^i^x^msmi^s- '#?> . 



Field Engineer: 



Boring/Excavation Location: 



Depth 



ASTM Visual Classification and Description 



Sample Depth 
from to 



Sample 
Number 



Remarks 



nforihation Checklist 



Attachments 



j Sampling site location and description (geology, topography, etc.) 

J Sampling equipment information/sampling methods 

J Sampling methods 

J. 'sampling material information 

'"r;!ij; |.:g ill' .on 



I I Photographs of site 
LjMaps of project site 
LJ Adequate size soil samples 

L! Pliolographs oF<'oi! sn^nple sites 

r ■ - 



7D 



"A. 



•iicr, (■' 




NTL Engineering 
& Geoscience 

13115 nth St. SW. Grew Fnllj, MT 49403-3269 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



MDT Materials District: \t^U5 0UWU County: "^^^ ^^</^ ^-^ Sampling Date: («.n) 3 f-jh / T^^'^^ 

Materials Supervisor: 'Q.v^UAlM'g-Wr Highway/Milepost: ■Tcsr/^XJ^J.^'^ /^ampling Date: (n™*) _!^_ '' 

Station/Offset: "bO' qT Cji^ - ^Sample Location: ^ 

Project Team Members: :. : ., 

General _; 



' ;i^''i'-^^'>'^\'^''^>^-^-i%%^tX^ -^ . 'r-x A'''^i^'j^,-t^,iCffl-.^4|!g^t.i<M^-.^^; %fT^^^^^'' 



Site Description: C>\9^ feM LU- mv .p^t ^^ <L- 






Site Sketch 






^-'^ t^'C^ "^0 j^Tfc, ^v<'U^ Or^\^g-^>c^ 



Sample Locations: \0 P'v\,M-\k <^3U-Tw^tr 



iZJ 



a..,/^/7 rSi>>.iu\L- \^pO^ -5 '^ 



^2-^ V'^FSLn 



u- 



^ L6> Lv C-t Ix^^ , 




Weather Conditions: 



:m. 



^^L-gtH^f^^A. '7/u<S>t^ 



Location, Description, and Reference Number 



^Photographs /p ccct.-q^^B flk orps ^ <icP '^3 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Report ::■■ ', '■ , ■= , u^^:. ;^y- #;?> 
;rcr. >t*v 3S e»a AJf- f^c> 



Roadway Station: j!'^ie.A/itt'/J^^ef- 
Culvert Type: £ ■ vvn- P 



Approximate Agej_ 
Remarks/Comments: 



S VfiPr'a » 



Length: 

Diameter: 

Coating: 



\O0 



General Condition: 



G bO'O 



Ag' 



Nig>M K- 



Photograph Number(s): 3 (^"^3 
Location of Soil Samples : ^<g>^ ^ffaf^^ 



Sampling Equipment 

I iBaclchoe 

□ Drill 

I I Hand Auger 

[^.Shovel 

riflibcr 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(ir'nth-i'li'i'ly 'ii<\- ilcvia/ir': 



7Q 



^._, 



MDT Mnterials District: '\^\-\5g£v 
Materials Supervisor: 



Statewide Corrosivity Study-Sample Log 

Page 2 



^. Pvv^^^c^\^ 



Mnterials 



[_JSoiI Sample 
[_JSoiI Sample 

I I Soil Sample 

1 [Soil Sample 

QWater Sample 
I I Coupon Sample 



Sample Id. ft Code* 



• A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Sample Photograph 
Size Rererence 



County: 
Location: 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding 
to the primary constituent 
(ie. gravel-9000g) 
Minimum Sample Size 



JElWfT VV?LiP^>CS 



^ 



•'•':.V.'S.>'~g?ijj"^'^fe:J<y-"; 



C -Native soil sample near a corroded culvert 
D ^Native soil sample near a non-corroded culvert 




Comn 


lents: yWX/>2< .^9^^/'STOJ!'e = STd^/^ 




















Borii 

Field E 


ig/Excavation Log ,-* -/' - > |;,,,t, \ ^ - 


l^' f" ^ 


- <^ ^m^c^ j'^'-k. X- 


^ : — Bormg/Excavation Location 


Depth 


ASTM Visual Classification and Description 




Sample Depth 
from tn 


Sample 

Mnrnhfr 


Remarks 














































































































































































































nfortii 


ation Checklist . Attachment. 




^ ■, ■■:;;: ■■:,^ -■:..',:: 



] Sampling site location and description (geology, topography, etc.) □ Photographs of site 

] Sampling equipment information/sampling methods QMaps of project site 

] Sampling methods D Adequate size soil samples 

jSanipliiig material information I lp|„^ 

■"'■^ijii'^i^iii' ">'i r '^v' ..,1 .,,,,, 



lolopraphs of soil snmplr site-?- 



TvA oEoacetttc, 



NTL Engineering 

& Geoscience 

1305 I4lh SI. SW, GreU Falls, MT 4<M0]-326>) 






?? 



^-S 



Statewide Corrosivity Study-Sample Log 



V ) 



'4-./^-C « ;::/e/ c? -. . 



/ 7- 



i3-f-cicL. -'i 



MDT 



Materials District: "^KrTfS (T>b? ) County: /Dft^l^OAj 



NTL Engineering Project Number 00-30 1 
Sampling Date: (sun) ^1 ploo 



Materials Supervisor: ^\U^ /'i^^miu\&^ Highwav/Milepost: <07:^/'i=i^. ^iT Sampling Date: (fmish) . 6' j l^j 

Station/Offset: s^-t4s Sample Location; T)grtiixAds^ - m 

Project Team Members: ^iLL 6^?^aL\ ££ ;"TV ?a/ Ah2&i^/^Tt>r^ 



P ^V.'^g 



Site Description: -f?^ 7^\i''rr' ■5/77!' ^^^ 



Site Sketch 






Sample Locations: H :5aL :^/hrfuiS . I l^ficfe£. :^4nJfi^ / 



&)i/, ^mP(/- ^^- C)\j?/./^^D. f/ju^ dtj TOP of^P^ 




Weather Conditions : 'dLOO^Vi '73nP "16 J-fO" 



MO Ve^tPi-mntjt^ 



y| Photographs 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



Location Description, and Reference Number 



Culvert Inspection Report 

Roadway Station: 39-A f 5" 
Culvert Type: 



f..: >^i'^^^fy E/^ '^ - ^ ^'"^ %r^'f^% ^^^^ .^- ^i^j^^'..7^v: 



•*<- '^f 



Length: 



C/r)P 



Diameter: 3/ 



3^ 



General Condition: 



l^ag^ 



Approximate Age : l93S'^l'i3f 



Photograph Number(s): ,<££^ '7)isk' 
Location of Soil Samplesj 



Coating: ^1<^/Z£^ 

Remarks/Comments: VtPl£ /S f^^f^^«Lu Ga/2g4>C>iigr> . /-^' 1^iA-mi^72g/e ^u r^fi, a^mon^i'y -phk^^N 



t\^;it\StoM'^Fyifigtg^AT>jK>."^u-r mo<rrt.u^ Cbm.t).<\.ir^ TAn-Wo 



Sampling Equipment 

I I Bacichoe * 
□ Drill 
I I Hand Auger 
0Shove! 
J^Other 



« •> ^ '-('^ tiles' ^^ "'■*> ■* ■^ " 



Include Details of ^hm PU'i 'VySSh'^Sl ^ SS^ ^ U)i^£A diPLJ /^-tt^ ^v^ 

Sampling Equipment hmufy ^iH'\f&L./\lL 

and Procedures/Methods _____^ 

of Sample Collection ' ' ; 

(pnrliciihirly miy (It^vintion . 

fro: '■ . 



Q1 



Statewide Corrosivity Study— Sample Log 

MDT Materials District: ' ~P){/T!K (i)~3 ) 
Materials Supei-visor: ' ^lu.. t^£^ai.^^Z. 



County: 
Location: 



TOP ^4<?^ 



Materials 



Sampl 




»fe ^fWf^SJS 



fer^r.*-" 




0^oil Sample 

0Soil Sample ' XJ^-Sl-^^J? / 

Q'Soil Sample TG-ShSSZ I 

H^il Sample VQSl 'SS^ I ^ 

Qwater Sample "DP-5i-<:^f 

I I Coupon Sample 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Sample Photograph 
Code*/ Size Reference 



% sma. 



i£21L5_ 



For soil samples, enter Gravel Sand Silt/Clay 


the estimated percent of 


1 


material for each grain 


size. Collect a minimum 




sample size corresponding 




to the primary constituent 

(ie. gravel-9000g) 

Minimum Sample Size 9000g (19.8 lb) 


6S0{)g(14.3lb) 


4S00g ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



Bdrirg/EfxcavationLoF^y^ ' y?^^^ 



■%V^,: 



iV-^^Vftf ^"f' i 



.>"»jy^. 



■ •is 



:' *. 



I^S" 



Field Engineer: '^iLL^Cm<DUez. OphJ WftRRji.M"piiPoring/ExcavationLocation: 


m--^/ mP^^.9< <<rii 


39^f^ 


Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 


0" 


/\.^P^y\Lr- 










0^ 


flLL. 1^A<;^ 6>^si^L, 




O^ 


u 


^SS'-M 




? 


C^RG-k: p; uL. -I^se <^J^Pi»a L r^i'T k^um 




h 




S^'<\ 


,^" 


^£ynJ:>/t-f^l^io^e^T r\\\ 






3,'* 


-^s- ^ 




'Pi'f^ Z?W.k?i'r) "^Lftct :5/A.Ty cLrtv hi(ni\/£.<olL. 








^S' 1 


/HLBT- 


-.," 


^.'f^ 3^kP-;vl :Swcfc. .s.i-Tv fifty nt^fx^ei :^^U. 




c 




SS'^ 


OUTL€T 


<-." 


'7^'pc HeJ <DftI^/iJAi_ <SaouL,^A ///tT'j^.Ka'.k. SUct 




"\ 


rf-° 


SS-Z. 


/f-^y/}-l 




^;iTv ^Us/ (^v5;«-TiAP/^7?:^ ^ 

























































































































Information Checklist 



Attachments 



I I Sampling site location and description (geology, topography, etc.) 

pfSampling equipment information/sampling methods 

I I Sampling methods 

I [Sampling material information 

l-<tT ,iiig In!' in'il'n 



Qrhotographs of site 

Fl Maps of project site 

Q^dequate size soil samples 

Kl Photographs of soil sample sites 

^^^^ih • ■ , cojpons, do) 

82 






NTL Engineering 
& Geoscience 

1305 I4lh 51. SW, GreU Falls, MT 4V403-3269 



Statewide Corrosivity Study-Sample Log 

NfTL Engineering Project Number 00-30 1 




fOo 



ivinT Materials District: ^ ^/77^ T^'J) County: /?7j>9/7/.'^CD V Sampling Date: cun) 

Materials Supervisor: ^<^ ^/^oTjI^ Highway/Milepost: /^f'^//ss>,2i Sampling Date: (finish) _^_^ 

Station/Offset: ^'7-iS'^l Sample Location: mft-^Q.29 ST;^ctpfls^s 
Project Team Members: ^)u ^^/^l.j^Z. L^/ ,^/g'/g/</^4?2?>vi_ 



Site Description: "W^ rK^pifCT .-^liTf C^^'i, 



Site Sketch 



Sample Locations: 3 3oiL. ^m/kJ^<, 



» fyac f^Amp/^ ^- J/Jufr-^D. D/TCC 



^> qr'l^(1 







Weather Conditions : fAnnf^iJ -^TPrnP ^ ^O' 



2 Photographs 



[Maps 



Location, Description, and Reference Number 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert In$pectioili'RfeBBrt ^ - 



Roadway Station: (Sl-hS^ 
Culvert Type: C/^P 




s& 



Length: 

Diameter: /"g^ "yj/f 



/) 



General Condition: SctLflv^u Coii&o0£0 

Photograph Number(s): S^^ "Di.'Sk 

Location of Soil Samples]^ 



Approximate Age : fl^ /^Ahtynu ms) Coating: {^AL\IAa//2^D 

Remarks/Comments: ~PiP^ l<, SuUI^tJjJ CnRflat^M^. ? iP/^ /< TiX-ha//^ Ok! fl^i^ Ours//?^ cf T?^/?'/^ 



Sampling Equipment 



,4..*-mi!'. 



V 



j^^ % Ir 'n*^ 



I I Backhoe 
□ Drill 
QHand Auger 
li>(} Shovel 
Other 



Include Details of <A/^PLd<^ "T^ - ^;i ^ 5$> I ' S S^ ^' l^ S^J Cou./Cr?^ P> vf 

Sampling Equipment flMlD ^}io\i£Li ^U 

and Procedures/Methods ^ 

of Sample Collection ___^ — 

(pnrtictilarlr imy tlef'uition 

fr<» . -— -■- 



MDT Materials District: '"P^m?^ 

Materials Supervisor: "I^iLl. <j^£/7?£>^~i£^ 



Statewide Corrosivity Study— Sample Log 

/ \ Page 2 



County: 
Location: 






Materials 



i!^«^V«f'^*y 



tZ-^".' 



'±^ 



( 






Sampk ' ** / Code* 

QSpil Sample L kP.^-^SS^ / C 

QSoil Sample '] >-^_<--i'5'y-^ / C 

QSoil Sample l>2Sl2SS-l l A 

Q Soil Sample / 

I I Water Sample 

I I Coupon Sample 



A -Backflli sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Sample Photograph 
Size Reference 

MiAl'. 

13 y?^ 



For soil samples, enter Gravel Sand 


Silt/Clay 


the estimated percent of 




material for each grain 






size. Collect a minimum 


; 


sample size corresponding 




i 
to the primary constituent 

fle. gravel-9000g) ; 

Minimum Sample Size 9000g (19.8 lb) \ 6500g (14.3 lb) i 4S00g ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample neaf a non-corroded culvert 



Comments: "1\? , .^'^ ?;<.'} <£>IL^ <Ar?/^^^ -Tfh^/^ ^^ /A/Sl^if CoLy^e^^ 



Boring/gxcavation Log 



'^sie'- 












■jr^,/^\ 



■^^^SJJ^!^^^ 



^^A^i, 



■% 



Field E 


ngineer: 74^'.LL<^ft(noU£"2 .Iite*j t4feft.R>«*cTS<a Boring/Excavation Lo 


cation: t^T-^\ nvP .^o . ? I STi:. 2 7+ 2 "^ 




Depth 


ASTM Visual Classification and Description , 




Sample Depth 
from to 


Sample 
Number 


Remarks 


O 


A-^phAkl 










o^ 


l- I LL. vJ3*A^^ t^(?A/5L 




o' 






^ 


ZTt) b/?/s/fcme-^"r /^/f^L 




*! 


/^ 


^S-3 




s 


^/nhf^>Jtc^^^ ( /^,'LL 










? 












«'' 


/r^Lsf4 K-^B^y ^,'i-L 








55C- ^ 


/.° 


/msi/^^ T^^e NhTi\j£ sol L. 




o 


■<,^ 


SS ' 1 




7' 


'JMr-c.f-i fJfi^Ti'vt= _^€>f i~ SPitJ F,.'T>i cJff-ft-eLL 




1 


n' 


^s- ? 






. 


















































. 



























































Information Checklist 



Attachmerits 



LJ Sampling site location and description (geology, topography, etc.) 

Q'Sampling equipment information/sampling methods 

LJ Sampling methods 

LJ Sampling material information 

If ing 1:>" in'' 111! 



[3 Photographs of site 
I I Maps of project site 
KlAdequate size soil samples 
I I Photographs of soil sample sites 

lOlr ■ , CO :; -oils, etc) 
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/^ 



VC '■i-' 



H/S BNEKBwm 



\ 



NTL Engineering 
& Geoscience 

1305 Ulh SI. SW, Creal Falb, MT 49403-3269 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-3 1 



lunx Material District: ^6^77^ /JhS) County: /V^/^//^.^ Sampling Date: {»..«, fr/rPol^ 

Materials Supervisor: g(4iJ^(^22%K£Z.^ Higiiway/Miiepost: US n, ^P ^^0'^ Sampling Date: (n„ish, g/iP^/^«> 

Station/Offset: ^^.?-fQI Sample Location: /ifP V<9. ^^ 

Project Team Members: ;^/<Li- Hl?mni^^.7 ^ Okhi tim ^rjloT-^K^ 



Genefal 



Site Description: -"TTl^ i^^m^^T ShtT hJA<. 



Site Sketch 



1^ ^^l.A7.l/f<^ (^inl MA^^ f^r^A/ I 



Sample Locations: -y So/i^ <^mpLA<. \i>ifin&t .^ I Qut-i/f^T 



%^^ 



'L±_ 



Weather Conditions :^^^}^ (ji-Ovbu "limP ^SU' 



^M 



&-* 



/^^w^ 




a 



^\ 



i3) 



^ 



^Photographs 



I Maps 



Locatidn, Description, and Reference Number 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspectioft Report 

Roadway Station: AcS-O'^ C> I 
Culvert Type: C mP 




Approximate Age : \ H3C> 



Length: 

Diameter: 

Coating: f-jAL\jA-Aj /Z£b 



M. 



Photograph Number(s): Sf^ D/S>A^ Y 
Location of Soil Samples^ 



Remarks/Comments: 'plP^ /S S£vfe€^-ji CA^/loCi^sr>. 



Sampling Eqtiipment 

I I Backhoe 
□ Drill 
I I Hand Auger 
13 Shovel 
ra Other 



A', 



I,.^^^.*^<^4A;-'% 



Include Details of <Am0Lli<> ~r)-Qj<^lj 6SI-SS-^ / U/^f CnU ^C^H^ & \j 

Sampling Equipment HrtMA Sfl<Oi»g/ ia//» 

and Procedures/Methods __^ — — — 

of Sample Collection 

(parlicuUirh any tIgyiiiOnn 

fro. . 

m — , — 



MDT Materials District 
Materials Supervisor 



)istrict: KlT 
'■son ^31^ 



Statewide Corrosivity Study— Sample Log 

iurrg n>i? ) County: 

i^gyWgv-igg Location: 






Materials ' 



WW^^ 



QSoil Sample 
QSoil Sample 
Q^o" Sample 
pfSoil Sample 



( I Sample Photograph 

SampK "* » J Code* Sire Reference 

1^'55-S5i / c/a ^o5s:;? 



0Water Sample "t^^-SS-M 
Qcoupon Sample T)^-S.^-C( 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



' ^-'■^V, n^, 



ft'^ 



J 'V 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding _ 
to the primary constituent 
(ie. gravel-9000g) 
Minimum Sample Size 



Gravel 



Sand 



Silt/Clay 



9000g(19.8lb) ! 6500g(14.3lb) 1 4S00g ( 9.9 lb) 



C -Native soil sample near a con-oded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



qBoring/Ex^&v^tidn i:^ 



-r ■twfjr; 



Field Engineer: Ol UL <^e>y7gcj <g2 ~D4a/ ^7^g)g>^A7S w_> 



Depth 



i2. 



Boring/Excavation Location: US S^ mP ^D.O'i 



z ^^^^T- 



ASTM Visual Classification and Description, 




^oT .^e/'riC/'^^ i^P'jy/EL 



^^ ^/9a'/C^€^ 7~ /^, 7/ 



Sample Depth 
from to 



i2- 



'X 



Sample 
Number 



Remarks 



/»-/ 



TT 



^ 



.^ 



8 



-^P of '?',(>£ 



"Z^Tfo^ Or nf £ 



/V^r-.^^^ A/^Ttt/e ,sa^L -gvXT, 



^vC-LAV 






'lif^rSal^ /ifiT.vfe .so\ ^ ^IcTy Oi/^y 



— zy 



^ss-^ 






/ 




^^- I 






s 



^s- V 



^_ 7 //vt^f 



-S-N "^^ 



/q--^ oUTLE J 



Information Checklist 



Attaclimerits 



I I Sampling site location and description (geology, topography, etc.) 

L^^ampling equipment information/sampling methods 

LJ Sampling methods 

[_J Sampling material information 

<Hl' ing ]'.)'• ill' 11 r 



QPhotographs of site 
LjMaps of project site 
PlXdequate size soil samples 
I ^Photographs of soil sample sites 

^^nW^ ■ .cc; -Oils, etc) 
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NTL Engineering 
& Geoscience 

1305 14th SI. SW. Gnu Falb, MT 4<M03-}269 



Statewide Corrosivity Study-Sample Log 

NTL Engineering Project Number 00-30 1 



«=*' 1305 I4th SI. SW. Gnu Falb, MT 4<M03-}269 . 

MnTMatemk District: l^/TTg fp'^) County: mJ/K^Mf^ Sampling Date: (,u«, -^/kc^/Vo 

Materials Supervisor: ' 7,\ci. C>(tmt>^j^7 Highway/Milepost: US ^^ ^ if\?iSjZ Sampling Date: (finish) S;/Z^/<P4^ 

Station/Offset: llSI-fl3> Samnle Location: /lOH 'VS'. 7<^ 

Project Team Members: T^lUL f'£^,^^^^?. "^Aiu ^ifh^U^Urx^t^ 




Site Description: mk TkA^^CT- S/^S?" UjAS 



Site Sketch 






Sample Locations: H SOIL. .^/J/m/VvT's 




Weather Conditions : ^"^^^^ CL/^.^Qu Igy^y^" ja^^^*" 






Ot-h TI&. B£5 



* S?;?. OfjTi.)»r ?;Ar <g?^) CoRfiob^ Cu, ,.fr^sr- — - 

\j,' ngi -jyj. (Z ' r~ ~ Location, Description, and Reference Number 

. <;rsHf , ^.r.^ <. . /!.,... ^^^.^^ ^^ \^ 1^ (j aP^^^tographs <^ l^.Sil ^S" 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspfectioli 



jdJL 



Roadway Station: l\d\+ ) 3^ 
Culvert Type: dmP 



Length: 



±c 



Diameter: o?7 



T^D/e. 



Approximate Age : /9^'^0 



Coating: (^Ad.i//h//Z£30 



General Condition: 

Photograph Number(s): JjtisK S' 

Location of Soil Samples^ 



ii ^'i 



Remarks/Comments: T);P/ /S S£\fa?£i.\S OiR(la\J^ k ^ 3 T>lfm£?er<L^ t\oU<, r.o^Hohf'h -V^JQi ^r-,'^ 



Samplihg Equipment 

I I Backhoe 
□ Drill 
I I Hand Auger 
Shovel 
Other 



^•^.f^t:i 



^^*«-vS^^ft^ :^ -^-n' * 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(parliculiirlv imy tlevliUion 
fro, . 
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Statewide Corrosivity Study— Sample Log 

MDT Materials District: JSaTTf fu-^l 
Materials Supervisor: 'Ril.l /'-^e.nnoLx^j^. 



County: 
Location: 






Materials ^ 



iSW 



( \ Sample Photograph 
^ SampK "^ » / Code* Size Reference 

0Soil Sample ~XQzMzS^I ±IA_ W^JflSM 

0Soil Sample ^-S^-^:Sg / h /<0, 37^.3 

0Soil Sample T^-SM-SSS / ^/a h^ai.l 

Q-Soil Sample ^'<>^'SS^ I f\ \'4]o^70 

r~l Water Sample 

I I Coupon Sample 






^ "< -^ # t f^ ^ 






' A -Backfill sample from a corroded culvert 
B -Backflll sample from a non-corroded culvert 



For soil samples, enter Gravel 


Sand Silt/Clay 


the estimated percent of 




material for each grain 


i 


size. Collect a minimum 


i 


sample size corresponding 




to the primary constituent 

fie. gravel~9000g) 

Minimum Sample Size 9000g (19.8 lb) 


6S0Og(14.3Ib) i 4500g( 9.91b) 



C -Native soil sample near a corroded culvert 
-Native soil sample near a non-corroded culvert 



Comments: 



Field Engineer: i ^^JvLL f^r'/vioLje -7 



Depth 



o 



0' 



Boring/Excavation Location: US^ S'^ /*\P ^£1 ^^ 



/^SP/kLT 



ASTM Visual Classification and Description 



z 



z.n. 



lB/}<,£. ^5^-^Afi?C)A//^ 6>£Aj^./ /^-J. .S^siJ^ i^J>^\^EL. 



^ 



f\\\ £mhM\i(^>rT /^-y _^^^j^f <g>ftvg>iw (±t,^j 



f- 



Sample Depth 
from to 



0- 



1 



Sample 
Number 



s^ ^sV 



Remarks 






til 






I 



cn 



IS>TT^v^ X2^ P.'j 



^ 



J. 



•^V. -ssa 






L 



IfT 



■^ 



dTL 



^1 




^ 



' 7 J ' 



/ 



7 



^ V. ^S^ 



Eji 



£. 



s*^ ss / 






Information Checklist 



Attachments 



I I Sampling site location and description (geology, topography, etc.) PTPhotographs of site 



resampling equipment information/sampling methods 

I I Sampling methods 

I [Sampling material information 



ilg M!^' Ill III 



I I Maps of project site 
liAdequate size soil samples 
l-nPhotographs of soil sample sites 
'^5^>!!- • , C(^ pons, etc) 




MDOT/MflT ID:4064446204 

NTL Engineering 
&Geosciencc 



MHK U^'UU lU-Zf iNo.uu^ r.n 

Statewide Corrosivity Study-Sample Log 

NTI . Engineering Project Number 00-301 



lam M«.$i sw.o-o^ryi.. VT «»«i»-»kii 



Mm- M,t>ri«i« nirtrict; ^prr,/ fii/s County: . '%.'f^'^^ 

MtKcrialai S«i|i«rviMn .^, BLoSSofn Hl0>w«y/Mil«post: 



'/< 



Sampling Date: (km) 
Sampling Date 



0-1 -i, -erO 



Station/Offitct: 303./&8 j^ Samok Locatiw; t^,,Lr^4^ ThckJ-Jl . ^Ochhp^ 
rr*jectXe«mM.»bm: tJpL . fYJofQ-(f ^ OpOu^eJi ^^JH . p^d n^^ T^vA^^ ' 



General . ..-:■.:, •.■rvvvv" _^^ 

Site D«iicripli«n: "T^.g rkaex:.! ^in .: 'jS" 



ji;^i.;;j;jui,JU|!fP!!l!MMnr^'-' 



sue Sketch 



^/^ ^^'^^ / 






$junpk IJicaUont: J> Soil 5Sw/>/g. _. //VsMrA 

0- <^ /y^^-i. ^^ ; ^ , — -J 

dJord' , ——p -J- -r — Yl 7 

jT'fjyufiU,^- i^'^i^ Sfif^p'^ 'iS'Gr /'A}f<rr^^di, 

WcAtber Condlttftiw : ^/(^^ -^4^" ____ 




^Photographi 



.^^Spsr- 



LocatioH, Description, and Ktfcrence Number 



Phof 4l^ fJe/he. /l/kfL auJ tkia^ fkecj 






£j M>J . d ae£A^.io^> 



PL/. ■^7" Sroe£f>/i^ (Zoep-e.A <^ 1£)»^Ja ^^ L 



(;e«logy, Physiol*^, Topography, and Special Features/Conditions: \ o~77^ 

^t/fT^ ^ . ' ■ — 



Culvert Iitiwcction Rciwrt 



Roadway Statiow; ^//<f7- 

Culvert Type: P. MP UpaJj 



ZOO 



30 



.yrm ■ 



Length: 

Diameter: 

Coating: ffAJni,u-Zf 



Cencrai Condition: 



/23»e- 



3o" 



ritotogmph NwwberW: ^AVr^fe i ' 0Jt>i hi 
l<ocM(ion Of Soil Swmple »: jf^ (/ £ /f /^ iliky. a r'/. 



Appi-oximnte Agej__ ^_^ 






J±- 



^mf^mmni^mKmim 



Mmpljng Rqwlpwicot 



□ Drill 
01 land Auger 
13 Shovel 
□other 



Inctwte Detaiis of 



■J^^7/ Y '/ i^^^^ ~ 1^/y La a^lty-^r'^ 



Sampling Equipment '^r.^J <^ /^jtjJ '^g^ -^"1^4 .^./. ■^, vS 

and Pracedurn/Metlutdi ^mpC^ ^ ^ S> f^ft^ Tj^Ji. j-^l /'„> r^lQf^'r, 

afSampic CollKiion , : ^ — . 

(parttculiirly mtf Orfln^vii , 

fnm wtllinlprvct^rrf) ■ . i 
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I'lnrs. w w 



! MDOT/MHT iLi:4Uoaa£tozu*t 

Statewide Corrosivity Stuciy~Sampie IvOg 

a~f I Page 2 

MirrMiiteriiils DislricI: A^^V- ^ l/s County: -f^rhK) ^ 

Maicrialx Su|tci-vi»oi-: jl/?-- Alf&m^ Location: 22£^«^ /nP S>3./(el -T /^ 



'wr"rT?!r?!''?«? 



Ma^pMrtl^ 



Saraplc Id. <; CMit' 
S Soil Somi>lc dt: <:Ll-Si I _j1_ 
fy] Soil Sample (of^'^ft. I -i7 / C- 
Soil Sample /'F'jiL/-Sl.l ■f<_ 



g Soil Sample /Cr^?/, /-55 / ^^ 
^Waicf Sample /^f Si%.l-S.^ 
P?l Coupon Sumple ^f Sfk, ~ S to 



Sample Fbotoerajth 
Site RcTcrvncc 

—- P /f'/ 

- ^^ 

- P V 

P 7 



^f 



i-V>r .«»{{ samfies, enter 
the eslimattdperctnt of 
mtaerMfw tadi grain 
siie. Collect a minimum 
sample siie ctfrresponffine _ 
to the primary constituent 
(te. irwe1~9000ei 
Minimum Sample .Siice 


Uravcl 


Sind 


SiWUay 






JOO 






/erO 






/n€> 


90098 (19.8 1» 


6S00k(14.3I|>) 


4»Ws( 9.9 lb> 



A .lliKklill Uiuple fn>n> ti cimutlitl culvert 
U .liackfill tarople fiom s non-0»>:t>d«d culvrtt 



C Nailvc cml wmq^lc new • conoMO cnlvcn 
D -N»liwc (Wil Uimple iimt a iwmi.c<»i<i Jml > ulven 



Cwiimeiits: /fj^ r/jj /- 5'^mpG^ 4^Ji Sv,l/ - r7^^-\ -fjpn i,XS,rck C^ f<?e iSjr 



B orittk/Exfeavfttioil 



Field Eneinccr: 



^/;^4. 



Bwiog/^BxcavaiiiBi lAwntton: RZiS 0" I l8&h ^ ZO Lr 



Depth 


f ^ , 

AS IM Visual ClH»silicaiion and DeMTiplion 




Sample Deplti 
from 10 


Sample 
Number 


Remarks 




"Zy^p// ^<!>£<?'»«J'C- Mj/'^ ^ 




d 


O.ip 




to 


'■^f^iclJl ^rLAUL<,L r,M^h Pku 9tS0 




iP.i> 


3.1 


/ 




nfi>LWjtf>, '^/iMoL). -^ePvej^-bc, 












'Ttlosoll C Oti--^»o.'c, fflfi-f'l— 







O.lo 




AT 


Mi^ M^f'L rrf^u ^ /18'E-t^ 




OJa. 


-r.d 


Z^ 




n)tyi^.t.t.lila </J^b4- S'r/>r/!S^ 












%ckf;l} Msf'l f^A /V.</>/^. /f.Jur^/ ("cLh") 


U,\ 


■ — 




s 




9S'^ 












1^0.^0; 1 €^ d^-^^ola. AU/'L-^ y:D'u- 







0.& 




Zl> 


I^A^J'.CII rviAi'L -TtarA J^7>M&kt^ (l>ee.mfO^ 0^m^ 




0.(0 


zs' 


^ 


m^i'ittAs^ s'ft^tjL^ sfffcfetdz 






. 




























1 












































1 



InformattcinCfefecMisP 



Attachments 



Q Sampline .slie lowtiwi and description (geology, topography, etc.) ^} Photographs of site 

(~~| Sampling cquipmciil informalion/sampling meilKHls {_) Maps of iwqeci site 

Q Sampling methods QAd«t"ale size soil samples 

□ sampling material iiifornMrtioii BtMioiograplui uf sw jatmple si tes 

tpi Other sampleftwa^cmip^, etc) 



( ISorinR log inrormalioii 
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MDOT/MHI iu:4U&ai»i»ozua 

NTL EngiiKcnng 
& Geoscicncc 



iV'^i mj.w^ r .11 



Statewide Corrosivity Study-Sample Log 

Nn . Engineering Project Number 00-301 



MllT MateriiiH nwtrict; /Qfip&T haJls County: Pf^.J^fta^ 

MwlcrMls S«|«rvi*or. J. %y^<S(>^ Hlghway/Mikpost; 3>~i.Zt^ 

Statioa/Otbct: /OF./i-ZjO 
rroJcctTeinnMembm: K'pL fylrfC)'fr j C^i'iuy^n 



Sxmpting Daite: <mi9 l-L-PO 



Sampling D«te: ifimw 7-6'' 6C> 

Sumplc Lowtion; Ouhefii Rari-f^ll , t/v-j^f'op ^ 

UPakyQQP 



■ ii jH , ■ . y^f * 



GeBerai . ^^__ 

Site D«iicripli«n: /^/go/g-T SHa Z is <stT 



ij;.|iiLJ!JJi!flti|y!J';^!i. 









Sample I.M:«tioat; x ^fV Sfim/^Jc:. - I'U)MfD 



Ahf4l <Jfi ^ . 




(jQjKrEE. SisMe/g -/eo ^ I'ck-i B'/OcJ 7/ 



/ 



W«-«l.cr CondUto»» : ^^y n^jj, d V 75° 



T 



^_^ , Localimi, Desertion, awl Kefcrtnce Number 



PU UZ - >fe*,-.>e- nki 'L fjin^j i.4^1 



•^Mtg^ 






ecology, Physiology, Topography, nnd Sperinl Fentures/Conditions: UuloceJ" h PAiozd m2 (-^■■Z npm. /'«o C^'f::> 

'^tQ^ijyJiV'^ &>J'0 sj^-^ u sxr.^.y-^ TAi>tK..<l AAe-OL. Ojlt)tfJ- hus ^/oc.// 2 k' Coq^^^ Ma^'I . 



Culvert ltt$pecttoii IteBiort 



"...J I ! Jl . ..I .WJBWM" 



Roadway Station: /d2/iZ. t> , 
{.rwlvert 'lype: P^mP /y^^^^yU 
Approxinmte Age : /O \/r.fipr~L 



/94 



Lengtk: 

Diameter: 

Coatittg: ^pryU. 



3<^ 



1/ 



Central Condition: ()rfi u (^^r^nA 
. lH>VHlion or Soil Sampl o: (^a-I^Cill /y)4f'L ^ '^ 



Remarks/Coinincnts: 



o.am 



fcT' /S ) lO ''>^^^ cr&nd *rmoe... yjieor^^h -ojct, ^ 



Kaniipling Rqiilpiiiciiit 



QlJackhoc 

n Drill 

[3 Hand Auger 

R Shovel 
Other 



€WI jSMf^rA^ 'T j)ffi/ i^^ ^ -^f iM.-yl^ /1nl/f^f4>J cJ,-^ 



InctMile DetaUs of 

Sampling liquipment /l))o4 /Junee^ w 'yhntjc./ , 

and Proctdutet/IHethadi ___________^___^_______ 

o/Sam^t CfiUealM 

(pMtlailarIf mf ilMalivn __________________ 
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MDOT/MflT 10:4064446204^ ^ MflR 05 ^UU 

Statewide Cornisivity Study-Sample Ug 



lU'Zf nu.W^ r.i^ 



W' "'<^'^ 



Materials Supci-viwv: -J- />>Iy,a^oj/ 



Locatifttt: 



M«lfMli. 






^<1^ zz^ 



^gy/'^ff ,„., 



Sample PlioJ«tr«i>k 
$»iopt«Id.# Code* Slt« Rcftrwce 

BSoiiSampU (2e C-L^-SI l J^ _^ JJktl 

[3-Hiil Sample CEJiLL-H.' -5 , 

□ soil Sample ' . 

Qsoil Sample 



0Waicr Saniple dPp.X'<r>. 
n Coupon Sample 



Urawl 



SittfChy 



/(rP 



for %oU samples, aatr 
the es^matedpttctia af 
mttttrba/or (mkA grmt 
silt. Cvlleet e udnUmtm 
svmplt siiie txtrrtfpondiHg 
to rite primary coHStituent 
Oe. iru»a-9909id 



A .liwcklill sMuple fioM a c«n>>d«l cvlvol 
B .iJatkWI tamplt from i non-tofrodtd culvwl 



C Maiiv« tvil H«n^ new • towO** «i>l«rt 
D -NMivc »)l Mmpk ne» • i»ii-c<«n«J«-il tulwrt 



Cvmrnents: ^/t^ Kik 4t Z. )S iQ. f^ f / ^/^ . _ 



!'-.!ILiJ. ]-L!-.-' 



l"icld Enginccn (j. K)«hr->_ 



noring/Bxcaviiikiii 



Invention: /(T ></ <? /^Z //" 



Depth 



A 



Z<9 



il 



/ AS IM Viswl ClH5sificatk>n and Hocription 



L5. 






/^Jnr^- y^fi' m' l^ 4 



f/\r>i5iuf.-^ '^iS/ni>U. -S"ey)<=>ii'^ ,6- - . 



Sample D^tii 
from 10 



O 



0,5 



R. 



n^ 



3.5 



0,K 



a^ 



ZJl. 



Sample 
Number 



± 



Remarks 



z^ 



L I 



lnfofW»»6iit^h«aaiiSt' 



Attach mento 



□ Sampling slk Kwlion »nd description (geology, topography, etc.) EPliotognjplis of site 

□ Sampling cquij»iw«linlonnation/saroplinenwllwils QlVlups of project site 
nsa.«pli.«metheds Q Ad-H""^ «i» «>!« »•«?««• 

□ San»pli.« material hiformaiio.. M1'I«^k^M« of^oiI««mpte "tcs 

□ BorinBloeinfcmm.tion KJ Other «unple5(^wS^ coupon,, etc) 
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I/N ytMttnut. . 



NTL Engineering 
& Geosciencc 






Statewide Corrosivity Study-Sample Log 

NTJ . Fjfiginwring Project Number 00-301 



IWSHOi* SW, <)•<»• fJ'-.MT 4»40J.»M« 



MDT Materials District: (^m/^ /;:^/k County: STc^f^ 



, Station/Offwt: Z-fl 4 

rroJcclTeBm Members: ///>/» ^ / 7W/# (OiMiM-U . 



MjHv-rliibS»|.crvl«>n f A/.n^O^ H«fhw«y/M«ep«t:,£^ii^ 



Sampling DJite: (««) 'l-'l-ax:) 

SnmpHng Date: ia»>M T-J- V-Q 






General 



' !! V,i'.l i'''*iT.^ 



■1111 , 1 , 111 , ,..U.^.,,,,...„....Jl!.:UU!l>!HJ; ' j:)^ ' t ' ...- ' 



Site Descriptwn: '7^. f/'Jif^ 'T <'Ti^ ^-^ 






SMc Sketch 57^fc X^-J 



Sampk lAtcations: ^ ■^/V Ja »yi'^'^ - Vo 






ojisa se^bso Aera^ 







J Location, DesaiptioH, and Hrfcrence Number 
IJPhotograpb. ^.^/ J^J/ <fii ?<? _^ 



Weather CowdtttotK : ^/ ^ ^ A, .7, . -/ y<r ' 







(.eology, Physiology, Topogrnphy, and Spetial Fentures/Conditions: (\,fkn^(lJl^ Ihat^^ /-r <? ^ 



jr.i',,|i.,il!;iliS«(RA \.. ' 



Culvert Inspcctioti Renort 

Roadway Station: 7.i^1 ^ 



truh-ert 'type: 



a/np 



Appi-oximate Aee : 30 j/rAKS il 
Rt-raarks/Comniciits: . 



Length: /gT ' General Condition: A&er/ , 

Diameter: Z4 " Photograph Nw«ber{.): (^f.^j- fy^ S>^3 J^ ^ 

Coatitie: ^^ /,jKt>,\e. Ucation of SoU Samples: J^jflfl fmf ^ 4 ^^ ^^ 



—•mmmii'^m'i^m!^^ 



MmMmMmmtnt 



[jHacWKK; 
□ Drill 

|l land Auger 

jsiwvel 

lOlhcr 



Ittctutle DetttUs o/ _ 

Sanytllng equipment y^ooeJ ^ 

and Praceduttt/Metliadi 

ofSam^e Otltectlon 

(partlailurlf any iltrMwu 

frvm wiilinnlprocfilnrTf^ 



y^^^^ w,i/^ /^^ t^^wp -'-Tf- ^ 
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MDOT/MflT 10:4064446204 "HK U^^uu 

MDOT/MH statewide Corrosivity Study-Sample Ug 

MUTMntfriabDistricI: UP(&f ^Ik 

.. . i-c. I -r /j/_.rt,.^ 



ilj.^f I-IU.W-S. I .A<^ 



Materials Siipcrvijoi-: -^ ■ ^/.ns<bMg» 



Cvwity: 
Locatloii: 



:::plL 



mmvm 






|ii | i I . H i M^gwypw* 



Sampk Phototraph 
.Sample Id. if C«hI«' SIm RcTercnc* 

0Soil Sample (f^<,tc^ T- / iH. 



Q-Soil Sample C:f<;U.-^ S-U , y -,-— r- 

nsoil .Sample J <^t^5/'^<^cj 

|[3Si>'lSwnpl« / _. 

[~1 Water Sample ,__ — 

I I Coupon Kmnplc ^_ __ _ 



for soil smiles, enter 
the estimaied percent vf 
maierM/or oadb grtun 
sine. Cotkct a minimum 
stUMplf *lo: currejponding 
to the primary eonstitueni 
(le. grut^-'flKKfa 



Cnvcl 



Sand 



SiWOay 



. /OX) 



MiBtmwmSaiinritSiia! 900i>g(»9.«ii>) i 650IIk(14JH>) l4SW)g( 9.9II,) 



• A. ItacklUJ simple ftom«i-»i«clvdtiiJv««t 
B JJatknil Km>ple from » non-cotfoifed eulwii 



C -Niiiv* »wl wmplc ocw * c«rrM>M Culvert 
D -NsJivc doH SMBple n«» • wm-cwitnlwl kmI wit 



Cv.nme»h: <C>r^.. J^JJO^ n^J/c J^ ^ Jr j m > ^ ^fimfk^Z 



l-icld Engineer ('.■ Vl^L-f ■■ 



^rmf. 



g ;MW? 



Depth 



norine'B.i«ivaiii«.lA«»tion: ^ClJ'/ill 4o'P:t /m/<k^ ,^-^f^ fd Mj3^ 



D 



(S 



Ayi M Vtwal Cinssification and Docription 



-r^f^^^ AO^cA^^r. /riAi'L 









Sample T)^li 
fiom to 



O 



M^ 



fi-^. ^' A^ 






f^L^ 



a.s 



2JL 



Sample 
Number 



Remarks 



" /'*yr 



^ 



IntojittfrtlMi^feEME 



Attach wiente 



(~] Sampling .site kwition and description (geolwgy, It^w^raphy, etc.) 

QSainpline cquipnwut inlwrnatirai/sampling nwilnRls 

n Sanipliim mellwds 

Q Sampling inalcrial information 

[~|BorinR log infonnalion 



jXI Pltotograpli* of site 
I 1 Maps of iHojeci site 
Q AdeHuale «2C soil sampltat 
jyi I'lmio^tipiiii of soil sample sites 
Q Other samples (water, coupons, etc) 
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NTL Engineering 
& Geoscience 



1505 14th St SW, Greal Falls, MT 49403-3269 

Materials District: ^|p^Aw e County: 



Statewide Corrosivity Study-Sample Log 

/■kid-fLO-srfiS ^33- '^^-^'J I NTL Engineering Project Number 00-301 



C.ccv4- 



MDT Materials District: dp^A^V e County: Cccvt-tV- Sampling Date: (s^) J ~ A^ - QQ 

Materials Supervisor: '0 AjSf^!rr\Zy HJghwav/Milepost: — -j^r.^^3 Sampling Date: (finish) V~^'/~ OO . ^ 

Station/Offset: n^S-*-3^ .MM f^e"iV >c Sample Location: Rf,Lj Cu /vs >^f F:/Jn iiT Ci/r c> 



^-:tV-oo 



Project Team Members: ts. Luav-ne i^ j A. Cahpsk.-' 



General 

Site Description: />6/^- OK^ijccih ic/fc /,«; 



- ..^'"tv,' 



> '' 



-S^<I." 



/?/-£C/'n£t'<i e 



'^ ."'^ ^^i^ 



Site Sketch 



iJ/jL.>^^ 3^2^ The ft nw.r. rta thife thct-ksYs 
^r, -fkti ^vojech T his i-\y6keH' /$, a, Coi^Jc^c 

f,,.'iU C^nc^rAr P.-pe. T he h',^l',L,a<^ li e ^Ujo Uy}C 

niAlV6'r=f' lA/caechon t-Cfdlr'Tt 



K^ S;fr<l> 



Sample Locations: 3 3o>^/>''^ LbC^aTitiiM 







■Z.^ de/ou -^soSOi '/- 



Weather Conditions : /^^/./y C/okJu ^^° 



Gy4S5» Low d 



T(v 



Photographs 



Maps 



Location, Description, and Reference Number 

*f-5 grv(vl ^'>^';>^ •'-■^k ^g.TVftV «i glrCO^ 



Geology, Physiology, Topography 

■Pier/ !itsr^r ' </Ca// A///s 



hy, and Special Features/Conditions: /^( , /i/'ACrvJ ai^i?o /S ^//v g -At/ Ciy/'/'A 



?•/>% ai^ r/ie u/> frrfcro r}r\ 






Culvert Inspection Report 



^W^i. 



Roadway Station: '"j<^3+a1 .HH 
Culvert Type: CS?* 



Length: 
Diameter: 



B3).Lfi u\ 



PooV- 



ian 



General Condition: _ 

Photograph Number(s): 3:4-;- I - \~ 3 



Approximate Age : ^5 4- yfia v -. Coating: t^AJuAVNt -Z-fc^:^ Location of Soil Samples: /3r>c-f;//j ^j^^^J^l'^x 

Remarks/Comments: CorVQSiD'n fvY\ P.>d&w>c>l\3 s,-V £ .w4-.- w^ «fp^- SO ifv\ \'r\ C^A^^ al^^^'Y^^^^ ■foy r^-Q^ 



Sampling Egmproegt a-.- 

I I Backhoe 

□ Drill 

I I H^nd Auger 

Qahovel 

QJbther Qcl^o f 



>-- ^'-t.^^iJ^^'<-„'--;s-; 



Include Details of 

Sampling Equipment 

and Procedures/Methods 

of Sample Collection 

(particularly any deviation 

from outlined procedures) 



aw <;a-^^\&-^ -v-gkre. u.i-k <;v>/s-7}, ^ -sr.vjf. 
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MAY A Q ?nnn 



Statewide Corrosivity Study-Sample Log 

MDT Materials District: G'CiftaiYG County: 

Materials Supervisor: R.WrvtnCy- Location: 



CcxV-f 



C V 



//'•y^tf-j 



■3a3 



Sample Id. # Code* 
b-H -SI-SI / A 
O-^l-3 1-SZ / ,A. 
5-^-rsl€3 / C. 



Materials 

Soil Sample 
ImooII Sample 
[3'Soil Sample 

1 I Soil Sample 

I I Water Sample 

Qcoupon Sample h-H- Si 



* A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Sample Photograph 
Size Reference 



Sir 



IS* 



P5 



For soiZ samples, enter Gravel 


Sand Silt/Clay 


rtc estimated percent of 


/oo 


material for each srain 


/OO 


size. Collect a minimum 


1 yoo 


sample size corresponding 




to the primary constituent 

(ie. gravel~9000g) 

Minimum Sample Size 9m>g (19.8 lb) 


s 

: 

6500g(14.31b) j 4500g( 9.91b) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: CbtNJ y c o^ 6>- \\a k ^^<^\ "VV". S> CtA.lVtY-T CfvJ OLY\<!t Uo ! U ^gfl&C-g IaJ.IVN 



'T^O'.&.-VniV -- ^C.-pitv-'V. 



Boring7F\cavation Log 

Field Engineer: 



Boring/Excavation Location: 



Depth 



ASTM Visual Classification and Description 



Kin \l 



nt_ 



CUTVN' 



Vvuc^ 



^^ 



! K\\ c g. 



i- tv^^ 5^;-Vc 



iii:- 



A\KC 6^0^ 



Sample Depth 
from to 



Sample 
Number 



Remarks 



tnformatioit Checklist 



Attachments 



resampling site location and description (geology, topography, etc.) [^Photographs of site 

[^■^ampling equipment information/sampling methods \_} Maps of project site 

Q^ampling methods @?(dequate size soil samples 

QSampling material information Qrhotographs of soil sample sites 

□ Boring log information Q^ther samples (water,^oupo^ etc) 
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Statewide Corrosivity Study—Sample Log 

^^ ")ct3 PF- NTL Engineering Project Number 00-301 

MDT Materials District: (2>lr:f\Al\/C h-V County: Val.L^V Sampling Date: (aan) ^'Jl^- OO 




NTL Engineering 
& Geoscience 

1505 14lh St SW, Great Falls,. MT 49403-3269 



Materials Supervisor: 



Project Team Members: 



P- tihr- 



nOf~ 



f.U 



a^A^.<y 



Highwav/Milepost: Aff 7, Jtil" /T0- ^ Sampling Date: (finish) ^- 3.^ - O^O 
Station/Offset: 130g.-^.^9^ Sample Location: ZV^/^/c C/ye ^ {)li(-< /dc /%J f 



GeriecaL/r-" .^~::;:^!%::.:X^:^v:1:S^i^^^^ ->r--.--rW.^ir :>'--» '\$k^.--^.mMi»^'%- 



Site Description: /7\/s pyO^cc-Ts.lt^ / -S 
^,<f^:.-t. -i\kr. ^jf-c If. <Kf>^ ^■¥ AlP fJKOn 



Site Sketch 



a a Lrtnc J-Oil^f:^ )»/,'ftl ^^3//■^<^ N.'//s j-Q Tt\e 



n//e<-^. 5CC /fTTit^aJ Cuf^'at^ (hisAcdtm 



t-r,f'.= 



-/. 



Sample Locations: ^^ ,g a >^p f <f LoCa-J'I nn s 



■-.pi 






Xi£ 



'iira>(4- 



any* 1.' I'n oY\i'k(, h/oy-rl^ c.K^ &\ uJe.i.^ SiJi, 



<fe^ I iL' &elftvO top ^,o\\. 

H' r^ a . 6' ftf.Uw. +oya&o.\ I. ^ 



^ . (S) ,o-^-(^'^^A-<..^ 



tJ 




Thii ^5 a CD orcc^ 



5 



Weather Conditions: 



•QOy° LO >■ V cl u Pp. v-4- 1 w-i 



^Photographs 



Location, Descripiion, and Reference Number 



Maps 



- - Y 

^t,!,l/ u.^cs^ i 



Geology, Physiology, Topography, and Special Features/Conditions 



^ 






Culvert Inspection Report 



Roadway Station: /30S ^3 ^ 
Culvert Type: n.rv\ P 



Approximate Agej_ 
Remarks/Comments: 



_^ 



^ 



CC^YJ. 



Length: 

Diameter: 

Coating: 



7^ 



30^ 



oal{/ci^i7ful 



General Condition: 



/??g^ 



Photograph Nuraber(s): ^ ' / 2- 



7^/\ , z. Cji/b'isry^ /r ^u.</>-J ruTT T'A i^o i"j ^ , ,7 • 



Location of Soil Samples : Halo iaj C^/i/cf^ 



ip 



Sampling Equipment 



I I Backhoe 
□ Drill 
I I Hand Auger 
Qshovel 
rather 
Scoop 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 
(particularly any deviation 
from outlined procedures) 



/!// f^a^j^/c^ -/l/^r-i^ U/rfL <:Try r.r'^ <;Can<>. 



.22. 



MAY A Q 7nnn 



statewide Corrosivity Study-Sample Log 

Page 2 

MDT Materials District: G'^paAi'v <f County: Y, ° 1 

Materials Supervisor: 'R. V>Javv\ CV" Location: 



l>liol\uya.-n 2. 



Materials 



" ',!C- 



Sample Id. # Code* 
ifcii_l^_2£^/ -A. 



] Soil Sample 
n^oil Sample 
QSoil Sample hM - Sl--S4. / C 

Qsoil Sample / 

I I Water Sample 

Q^oupon Sample h4-SZ. 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



V^^-B-l 



.r-f;4f 



Sample Photograph 
Size Reference 



jr 



For soil samples, enter Gravel 


Sand j Silt/Clay 


the estimated percent of 


i /oo 


material for each grain 


i 1 OO 


size. Collect a minimum 


1 /OO 


sample size corresponding 






to the primary constituent 

fie. gravel~9000g) 

Minimum Sample Size 9000g (19.8 lb) 


6500g (143 lb) 


4500g ( 9.9 lb) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



comments: 



/y)o)%TUYe i~Oyx /^ t/i <. U>\Tr/cT Lab (j^jf^^ ct7/et<^A »/_) 



Boring/Excavation Log 



* «' *'»»-JPVK 



•A ^i.- ^^ 



, 1 '^^^^l " ':l*f^'- ''"'^l^M- "^"^^^ ■■ 



^^. ^/ ^^^ 



Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 
















A/o ^^>,'i^ J/siic r:t T/ij's ^^rhc 












I'So y^J (c rl/sy\ c ft/rtl-y Sn oYC 1 CI >-. cf SLoo O 



















































































































































































Inforniation Checklist 



"Attachments 



r^S^mpling site location and description (geology, topography, etc.) 
("Sampling equipment information/sampling methods 
r*-l^ampling methods 
[ffSampling material information 
Q Boring log information 



[^Photographs of site 
I I Maps of project site 
[TfAdequate size soil samples 
QPhotographs of soil sample sites 
Q Other samples (water, coupons, etc) 



I'k 



+ \ 






{(•A, E?«rcEFnO& 



MDT Materials District: Cj^-nAiy/ i? 
Materials Supervisor: R. bJQV"r\r,V 

Project Team Members: /\ , kJgi^ricy- 



Statewide Corrosivity Study— Sample Log 

^ -^ _^ NTL Engineering Project Number 00-301 

Powc-fcy ^t'vCi^ -(ScilT 



NTL Engineering 
& Geoscience 

1 JOJ Wlh St SW. Oreal FulU. MT 49403-3269 /-Jj W clc V ^ 

County: S^y q. i V- /' € Sampling Date: (start) ^- jj. - OH 

HIghwav/Milepost: jr9V^ /l}/^f79S Sampling Date: (fini*) f^ - V - QV) 



Station/Offset: ^A/^^/.^<^ f^l Sample Location: ^/iCu/yav:^ OuiSt^'^ rrJ<e- 




Site Description: Tnis 






site Sketch 



I * * [ fr ' * s - .-■-■■ . . — ■ , — . ,. 

Vkt. Uesf t>Ou^ Jgy^c^ . //a^^ ity<' cheyio 



fkt. Uc . . . _ 



fk.-^ gt^irciy Sea Cuft^fTr h( jo ny^, 

Sample Locations: v^ v^ow^p\^ | c^cccf i b'V\-S 



i. ■— 1 i.-.v^ ■ — 



|'y>><p-(- r«vc$- ik-2-' ftc.lou) tof <;ml 



Weather Conditions : v^e^Q OUav . a. J .<;utny\ v^ 






3 <' "'>*"''<Sj,ri« 



-^ — ^ — % — ;>s; 




_j<: 






A/CST* £oux^ 






i,yi** 



^^.f^f 



jOM K^ 



C|rOf> tawcf 



"^Photographs 



Maps 



Location, Description, and Reference Number 

u.' Scuxr^t t'Aiu.a^ 'i i! 



us_ 



.^^ 



7^ 



/^a 



Geology, Physiology, Topography, and Special Features/Conditions: 7% a a (!r\f!i^u P qy-ca^ 



■r-ci'ic^/ 



Culvert Inspection Report 






fmA 






i-^rf"*- ''^'9^'Sf 



„ ■^K^^''4i^ 0-^^ 



p^ 



f pv ■>• "^f^ ^ ^^ 



Roadway Station: 4fe3/y-^A '^<^ /^ 
Culvert Type: P<:.AP 



Length: J^.V m 



General Condition: l^yS POO K 



Approximate Age^ 
Remarks/Comments: 



-? 



Diameter: /Of 2 S V /&g-<^ ■C>'>n Photograph Number(s): /.-' <L. 

Coating: iS„/y>')^e,-y&J Location of Soil Samples : /-/i/g //i Ct/w,^i:T 

/"^ U . A/^yf-i, ^"''1 ^•'S'*' r/c'^ ''■** 



fnijo rr,ri /-, ^ /^/?j^ /> p- ' 



Sampling Equipment 

I I Backhoe 

□ Drill 

I I Hand Auger 

Q^hovel 

P<^ther 



iiJfi.tft^ ,f%>'^^ ?s> '&■ 



^-Y' 



Ta^j?^xtne' ^y V-J- •; -^^1^'^ jT 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(pnrliciilarly rmv deviation 

fri.is: , ,. ■eiliiri 



.</ .T,^^ / .^ /?n^ ; f\ <t h f) /c cf^y-^ cr; 



HAY 9 2000 
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Statewide Corrosivity Study— Sample Log 



MDT Materials District: 
Materials Supervisor: 






Page 2 



iC£. 



>^Cv- 



County: 
Location: 



Pha,'y>' ^ 



%fi"f 



Materials ' ' 



^'■'-^%t\-^^ ti,'^^^^^'- 



^^ X ^ji^ ' ' 



P- '''^^ 



(" 



SampK "* * / Code* 
Q^Soil Sample b*^- £3 -^^ 1 A 
Q'Soil Sample bM-S-b-5'e, / /\ 
Q'Soil Sample t^H-Sa ^g / C 

Q Soil Sample / 

I I Water Sample 

[3'coupon Sample bW -63 



Sample Photograph 
Size Reference 

-Jhl U2 



A^l 



13* 



..^^ 



.O^ 



For soil samples, enter Gravel j Sand Silt/Clay 


rte estimated percent of 


1 /OO 


material for each grain 


1 /OO 


size. Collect a minimum 


i /OO 


sample size corresponding 1 


to the primary constituent 

(ie. gravel-9000g) 

Minimum Sample Size 9000g (19.8 lb) 


6500g (14.3 lb) j 4S00g ( 9.9 lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



/^, 



n/^-f-ijup. hon //I /Qyg/Ayr,/ l.^^t, C/ey)J/V(^ Cj^Gn £(ifQ<ilir.j\ 



Boring/Excavation L'dg ?^'-" ? MW^'tf^. 



i:Wr,W^*^.^^^'' ^ -*'"}% ^4"-t ' < 






Field Engineer: 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 
















A/h ^c^-y)'h^ Jf^r. n~r fh/s 












^jfc SqyyiD/(?.^ fk^Cam Ci^i'/'^ 












<h rt vtT / (- Srr^ f) p 







































































































































































Information CHecklist 



intQ 



Attachments 



fSampling site location and description (geology, topography, etc.) 
pRjampling equipment information/sampling methods 
[_^ampling methods 
QSampling material information 

iJBo ill' ■ 'nfhi-mar ■'■ 



iMr holographs of site 
I I Maps of project site 
fMAdequate size soil samples 
_^ •Photographs of soil sample sites 

! • '"' (water, co oon? 
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Statewide Corrosivity Study— Sample Log 

■Z:/y)'JV-SC^'^)j70 PB '^ Engineering Project Number 00-301 

MDT Materials District: dlrfT^Jlw^ j)^ County: p ^n jV/ (f Sampling Date: (««) <^-y-OC? 

Materials Supervisor: ^, L-Ooi^n GY~ Highway/Milepost: Sampling Date: (fmiih) <S-' "^-0 



NTL Engineering 
& Geoscience 

1505 I4lh SL SW. Grot FlUs. MT 4<Ma].}269 



Project Team Members: 
General - 



k'. LJai^>if>>- ^ fiO. <h'f-f)k 



Station/Offset: .'^J^(U'^S['^.GC:- Sample Location: 7;>/ <S</h?>/- /lyT^-Vff ^^^g ^ 



X 






Site Description: T/i,'3 PrasPtyh ,<>'/'(? / 5 






Site Sketch 



/jS Hills, yy^f Scll-nnJ. I^Phy S-^3i/ ^ r/hyr/nAAM 

Sample Locations: 3 se,rv\p/ 6 5 La f.^ r-i g y{ <, 

duivny^ ._ 

S^ii.\^yfl(? l/^piks^ ^n/si'Je &e)'AtPi nnJ -^n/rf 

30 . ^ 



Weather Conditions: 

21^ ■ 



Su/in w 4 



f,iffr>^^ 



1^ 



Ufeif S^'i'^^ 



^ 



5t£t bbuj) 



T 



1 



i 

<g^-- ^ So*^f\c /O 




(^S^^fK It- 



£]Photographs 



Location, Description, and Reference Number 



secctyf?, 



Maps 






ef^yZff 



/o 



f^H^o^-J /j,..-^ S^^L^o/^^ yS^c^ 



Geology, Physiology, Topography, and Special Features/Conditions: 



Culvert Inspection Report 



< J 



A">^ 



Roadway Station: ^S6>-^ ^^'d, C' 
Culvert Type: dS P 



Approximate Age^ 
Remarks/Comments: 



9 

— r- 



Length: /fL'O ^ 

Diameter: /Sg-Y /tnn\ 

Coating: aAl)n'V\&;i^e <^f 



General Condition: 



Pr,,y 



Photograph Number(s): C, 7, % 

Location of Soil Samples : //j/; ,n QiireT^ 






Sampling Equipment 



J t ^'^k il 



I I Backhoe 

□ Drill 

I I Hand Auger 

Q^hovel 

rTjfxiier 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(pnrliciiltirly (my ilcvlatinn 



SA/>yr/^ 6ryj>cyyO, /itsT^ Ad/a- ^/<-i-C 



101: 



^AY ^ 7^"a 



MDT Materials 
Materials Supervisor: 



Statewide Corrosivity Study-Sample Log 

/111 ^ / Page 2 

iais District: L>hr\ci) 






d<^ 



County: 
Location: 



pKcj.'ri C 



;f 9V 



Materials 



X. 



M Soil Sample 

[^Soil Sample 

r~l Soil Sample 

r~l Soil Sample 

Qwater Sample A^/-S'<- s) 

("Qjeoupon Sample ■bH-,s'< ^-Sl 



Sample ' *» / Code* 

A^-sq-si3- / C 
/ 



• A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



\ *^^it^ jU 3*, «. *■ 



Sample Photograph 
Size Reference 



10>S )i> s 



For soil samples, enter Gravel 

<Ae estimated percent of 

material for each grain 

size. Collect a minimum 

sample size corresponding 

to the primary constituent 

(ie. gravel-9000g) 

Minimum Sample Size 9000g (19.8 lb) 




C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Tomments: moistuVc; rQY\ , a I ),>■!; ^r^ c-t Lavo a ^^n u>\mv^v)m_^ j 






Boriinf 

Field Er 


f/Excavation Log /'^' ^..- .,.-;',-; ^-'%. ' ^ v, ^ • ".^^ 'v/--**- 


pincpp- Borinp/Excavation Location: 


Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 




























K^b R6v\N%6. s. Ann^. «t- ~V\^^ ^ 












<^Ae.. 












SawsoU-s ialcp^ (.i^tV S3^Wh \ 












'P-^rX V\is\r (^\t^AV oY\ d) ."^CCioP • 
















































































































































Infori 

I ^"Sam 
lis am 

in 


nation Checklist ■■ - ' ' , :''i ; ' -^ ;"^::u;v; -i-'Attachments .■; • -■■;■/;..■ .;, ■-.•.-r^f -a . 


pling site location and description (geology, topography, etc.) 1 (-Jfhotographs of site 
pling equipment information/sampling methods Maps of project site 
pling methods ^^ -Adequate size soils 
pling material information v Photographs of soil 


amples 
sample 


sites 
S etc) 










NTL Engineering 
& Geoscience 

IS03 I4lh SI. SW, CreU Falls. MT 4V403-326!> 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-301 



MDT Materials District: ^lLu)t^G>S. 
Materials Supervisor: . ) ., ^O'H-OSo-*^ 



Project Team Members: 



County: ^ eX^UOuJirr&^^e. Sampling Date: (sum) Vo.'7-<!>o 

Highway/Milepost: JZT 90 Sampling Date: (r.nuh) ^-3l y^'' 

Station/Offset: f'^S(-hoZ, Sample Location: i^/^t^^^^- j^/^^Lofii 



Site Description: ^'^rxBt nt^ l-^o ^^SerrUjeS J^ Site Sketch 



^:?rfn^ 



Sample Locations: ^^<^iPty^.O^£S> 



Cj!>S^~(?^S^ea QjUUOejLT 



<;^;^ fSc»l--OtO PlU-'i^LOpg. > oP^T-T-t> 






Weather Conditions: 



^-^ 



^^tA ^-rs^ 



W6i 



^'3 



^^jSI"^ 



X'-9o 



£73 




f^cc- SecTT^'^^ 



Location, Description, and Reference Number 
3l?hotographs BtG^n^l Rif^^c/c-H 'P-? 



2 -Maps 



/-rr. <ra--?f:>J 41 1 



/^i-feUK^T-S 



Geology, Physiology, Topography, and Special Features/Conditions: ^syuirTi.fsui~Lf P^^/^T" £0 JT7-^ ^U3 t-^u-J /<^ C> ^/i^cS 



Culvert Inspection Report 






l«l 



wv . 



4:^< -"^^.-^ 



A.*i--'ff«*^';^ 



Roadway Station:_ 



/ 53 \ -^O^ Length: cP^P- 



General Condition: (cjOotii 



Diameter: /O^y'' yi U ' ll '' Photograph Number(s): f> I " P ^ 



Culvert Type: <^£±h / g^-'p- 

Approximate Age : IjoStNjj /7 5 ^ ^^f ^ ■ Coating: 'ElAq/K /V^'^ST i '^ Location of Soil Samples : /^'^-CT' K'fH-jUt 

Remarks/Comments: PjP ^ J^PrS (2^/£vg oTyrr^ ^.3l-"7S JSCC P 'S /YVys-T-/ g, r!)^ 

^*' f^fifT'^yz-i/'H-- ~TPihCou&ft^ c/T~-,tSa7r^nnru, 






Sampling Eqiiipinent 

I I Backhoe 
□ Drill 
I I Hand Auger 
shovel 
I Other 



\ Al^v 



t^« 



*il2^ 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(parli'cularlv any devintioii 
fro incedih 



A^l, AM/jr, ^^.A^i^aU. 
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= HAY 3 2000 



MDT Materials District: 
Materials Supervisor: 



A 



Statewide Corrosivity Study— Sample Log 

Page 2 



/U^f^c^ 



sJ. j€>i+/0^'^ 



County: 
Location: 






Materials 



Q^oil Sample 
[3'Soil Sample 
r^-fSoil Sample 
LjSoil Sample 
I I Water Sample 
I I Coupon Sample 




;-S,:¥»^J-' 



?t" 



.X., 



Sampli 

6ui>Sim-i s-3 / 



Sample Photograph 
Size Reference 









S7t>o P"? 



For soil samples, enter Gravel Sand Silt/Clay 


the estimated percent of O 


^o \ 72) 


material for each grain 


^O 1 Y^ 


size. Collect a minimum c:^<^ 


r^Q (nP 


sample size corresponding O 


/a 9o 


to the primary constituent 

Cie. gravel~9000g) 

Minimum Sample Size 9000g (19.8 lb) 


6500g (14.3 lb) 4500g ( 9.9 lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: p. \ ^-^iTT^.j S 'l jS'3 ^^<g>U ^/^A>o^ //US//yC ^J^LU(Z^T 



Bo ring/Excavation Log^- 



WiPT^^^^ 









Field Engineer: ^ j. Jol^l^SaV\ 



Boring/Excavation Location: 



//jD^-ztT-C^ //o'V-6rc <L 



Depth 


ASTM Visual Classification and Description 


4.W/ST 


Sample Depth 
from to 


Sample 
Number 


Remarks 


.^ 


6AUD/S/LrT>fSo t, D07Z.e^ /k^_5/zp^ ^x^Lye^^- 


J'^ 


o 


.JiS 


.^'/ 


f^'^ 


.^.A'AJOui .^y^5 /L/^^2- PjiJuKjeJUT' 


13-D 


,52) 


'75 


S'^ 


r;i^ 


t^^j^H^cu^i^ <x>)i~ /hJL-£ir- J^S(£t^ ^x>f^ue^r Ai6777>/(A- 


/<?.v 


^ 


.^s- 


,<r-9 


'7^ 


-fyplc ' '^ILTV P.L./^ OA^ Tr>/° (^J^C^X-t/efCJT— 


;/,o 


.fn> 


^75 


-5-V 































































































































































Information Checklist 



Attachments 



. ..^/tc V 



r^ampling site location and description (geology, topography, etc.) 
I I'^ampling equipment information/sampling methods 

Sampling methods 

Sampling material information 

|_3P!orir ,: lop iiiiar."' 



[photographs of site 
In^aps of project site 
iH'Adequate size soil samples 
[jPhotographs of soil sample sites 
[J Jj:n^-^ ::;(walc,,L ,.u., 'c) 



fe+\ 



0EQaaENg.i<: 



NTL Engineering 
& Geoscience 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-301 



County: PpycHOVf U /V^ Sampling Date: 



(sun) 



^^i^ ^O 



1505 I4ih St. SW. Great Falls. MT 49403-3269 

MDT Materials District: ^ / Ll^t KJCo 5 

Materials Supervisor: /.J/i^/U'C<m Highwav/Milepost: /Ur^fl^/A /'/V7 -9J^ampling Date: (finish) gr^f'^-go 

Station/Offset: _>^^-7 -<-7-S'/uv Sample Location: £)i? A(tJ i^<r-^ /.f<4/:.U P/ U. 
Project Team Members: -J Joi^iJKCr^ T)^T^'\ ^ G ./U(gSS .4->J L^A. 

General - " 'i.^'i:-jv<X',hi . ': •iii:^'&fp&m 

Site Description: P^&j(gc^r- -5^tT^£. |S ^^ l^"^ S"® Sketch 
'Z^oCfS?^ A-r- mf /4 --7.'?<. if>+/-/Wi. 



., U?M(S "Zoco . 



^-/ noTW rr Sb. eAoS^ 



Sample Locations: 



Weather Conditions : -Pai^-TT^U <^Xr)jr>L| ^0 



[JlK).Dl> 







e 



f 



-sW 



\ 







£j Photographs 



Location, Description, and Reference Number 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: ^ Lsjn)^iQj^LJ^^ /".g: /9 1 / ^j:>J-M //i^ (^ C^/lT^ 



Culvert Inspection Report 






tlTi 









Roadway Station: jS / />") 4- "1 5 . I Length: -SO A^ \ 

Culvert Type: .^Sl^Pd. Diameter: ,^'<vO.'S ^ <w63 ji") 

Approximate Age : )qSM ^ ^ (o ^ • Coating: ^fl ut/ATJ cxeZ) 



f^ Q^ 



General Condition: 

Photograph Number(s): El'C.SlTe 7, -f l-f'^ 

Location of Soil Samples : i^L€r'JCi«.fi)iP(i6^— 

Remarks/Comments: -P^-Pg, iS rffMe^gnO-gJ:^^ ffoi /'^S> /^ A-/o A^i^P.- fniQ TP QPPC^ &^ (yr\<L — 



A6,KAi^/ ^-^/L<. <^/.)/t.(5^i)iUOiMro /VA^/^. 7.3a m Qj)sJtJ^ 



Sampling Equipment 



1 V* " V -v^ ^^ <'" 'Sj, /■-.. 



■;/ \- 



I I Backhoe 
□ Drill 
I [Hand Auger 
0Shovei 
n Other 



Include Details of -^ftm /=>l ^S 


/^■i-u drJuz-^d-T--^^ 


/^j/^St^u€A. 




Sampling Equipment 


and Procedures/Methods 








of Sample Collection 








(parl'wuUirly nitv deviution 









Statewide Corrosivity Study-Sample Log 

j> Page 2 

MDT Materials District: ^/Ll-f A)&S 

Materials Supervisor: ^ , Jo H-tOSlfi'' 



County: 
Location: 






Materials 






.(. ) 



\ -^^'' 



Sample Photograph 
SampK ^ i^ J Code* Size Reference 

Pl-SoilSampkg/ g-S7g3>cf< / (^ ^60D^ P-l 

R^Soil Sample A Uf^lf^X S'A l & ^'^00^ P^ 

R§oil Sample gj ^t^iT^A S'3 ^ L'^n% / - j5 

QSoil Sample / ^^/TgQ^^ <^ ,^^o£ P'9 

Q Water Sample "^^J-/ ^7!r!' f'^ 

II Coupon Sample ^ 



For soil samples, enter 
the estimated percent of 
material for each grain 
size. Collect a minimum 
sample size corresponding _ 
to the primary constituent 
fie. gravel-9000g) 
Minimum Sample Size 


Gravel 


! Sand 


Silt/Clay 






/oo 






/DO 


J2. 


y 


f^ 






/oo 


9000g(19.8Ib) 


6500g (14.3 lb) 


4S00g ( 9.9 lb) 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: /^) ^, XS A-T^^ 'J-A/ ^/'jJ f^^JPr^ C5T7^AJD/A)& ^/^TPA^ 



^^^ 



Z — ^^^ ' J^ 

Boring/Excavation Log 



'«jfji 












mwsM- 



Field Engineer: ^J — /o/MJS*y\ Borine/Excavation Location: 






Depth 


ASTM Visual Classification and Description 


Ccnr 


Sample Depth 
from to 


Sample 
Number 


Remarks 

2 5^/ 


o<: 


PAnue. Si?ic <yPnKi(^. ye^^^.AjtL-r 


^4 


o>^ 


A7>^ 


.PJ<>n7>7.S-\ 


OS 




^'t 


r>r^ 


nn^' 




r)S 




lO.O 


0.^ 


oryo 


R'/-=LSyrC2 


OS 




f^H 


^).<r 
















(f 



















































































































































Information Checklist 



Attachments 



[^Sampling site location and description (geology, topography, etc.) 

[^Sampling equipment information/sampling methods 

Pj Sampling methods 

Q Sampling material information 

'^B( - log 



j/TPhotographs of site 
ji^fMaps of project site 
n^rAdequate size soil samples 
[yThotographs of soil sample sites 



nlorm;iuon 
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iinpley C-vriiei- 






NTL Engineering 

& Geoscience 

ISO) I4lh SI. SW. Creu Falb, MT 49403-3269 



Statewide Corrosivity Study— Sample Log 

NTL Engineering Project Number 00-30 1 



MDT Materials District: "f^ \t .L-l IL)<a^ County: L ^fPc(L&Cy~r- 

Materials Supervisor: ^ \ . ^ 1 O^-VtO^gVN Highwav/Milepost: :g / J 3S-1 

Station/Offset: 'jl^i-'Slo 



Sampling Date: (am) ^'.^Y^'O^ 
Sampling Date: (finish) -5 ^«gL'/^Q^ 



Project Team Members: x 1. . \/:>44t.)^^rt^ .TtrvN^ 'R. h-<='.MSj\tO(:D U^Sc3^ 



Sample Location: J^/ZA/AJ fU^fC- /■tAcKPll.L . 



jg'^i^t.. r^i^Kifefei^'! 



General-. a~ 

Site Description: f+CUM R\ Qs /^ygTU;-gL^>J) 






Site Sketch 






Sample Locations: -S>-| A.; P>-n>)gPn-^ -SySK^ 



Weather Conditions : jO^^tLu (^ i j5 tJ-O tj {oS"^ P 
L-r. \xJ,K>D 




Location, Description, and Reference Number 



1 



^Photographs ^enogiL/u^SiTy. Pf-flc 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: (^ cgTVOe/^^Ai-j-AJ f^L/^T (>->/ UociJ (^ufrt-?6 <j:\gj^/kS 



Culvert Inspection Report 



'^W^y^ ff^-lir^r^^4|.ltff^^~ 






Roadway Station: ^7 ^ -t Tlo 
Culvert Type: Q.SP 



Approximate Age : /^.^ (^A/^^ 
Remarks/Comments: 



-¥^ 



Length: 

Diameter: 

Coating: 



J^ 



/O^ /'g- 



jza:_ 



Cc>fH^Af-^i%CD 



General Condition: 

Photograph Number(s): P'/ -i-^fLO P-i^ 

Location of Soil Sample s: A/A--n>/g ^bg-<=t(MA6< 



Sampling Equipment 






^ifr.^ "^i^- 



1- F' »• * ^A ^ 






I I Backhoe 

□ Drill 

I I Hand Auger 

@ahovel 

rn Other 



Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(parliciilartv any deviation 



/^u^ .'^hvei. ^ffrvK-PieS. 



RECEiVED 



JUNO 12000 
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MDT Materials District: 
Materials Supervisor: 



Materials 



Statewide Corrosivity Study—Sample Log 

r>lU.)fJ)(oS County: C^fH ^Crrx 

, \ . \nM^<,<y^ Location: ^/M^i ^^/^ir,^? ^ P 



X. 



J* -<i. 



^^^'n ^-^^>^^>^ A «* 



SampK 



'" 



Sample Photograph 
Code* Size Reference 



Psoil Sample fe | ^ S. rTg ^ 52 / A f.J20£>%. 

QSoil Sample R) ^ S)rfc.'^.S:-:? / / /^6>Sb% 

QSoil Sample ^k^^T^S^/ _j2d_ /^^^^^ 

Qwater Sample \j^\ /g^ 

I I Coupon Sample jy 



I^ 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Iz±_ 



_EiS. 



For soil samples, enter Gravel 1 Sand 


Silt/Clay 


the estimated percent of )5 


?5 


material for each grain J£> i^ 


-70 


size. Collect a minimum "2-0 \ Vti 


^ 


sample size corresponding | £> i ^ o 




to the primary constituent 

(ie. gravel-9000g) 

Minimum Sample Size 9000g (19.8 lb) 


I 

6500g(14.3lb) i 4S00g( 9.91b) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 






Boring/Excavation Log 



Field Engineer: _J|f^p<'^ .., \/di4-^^ 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 


AAOtSrj Sample Depth 
d^-^'^l from to 


Sample 
Number 


Remarks 


(0^ 


I^PnCK S«=^^JXx^ f^o/c- "J^erxjSe. -/'T'>OKS-r T^Q.An^ft^j-e- 


^f 


t?.^' 


i.o 


Sm^3{ S-l 


OS 


AA<U:^1U^ CUH^ «n^Vi-'<) t^/& ft<V(/eU 


'?.^ 


^.T 


Art 


<>/Te. j'S-2, 


OS 


-^ATjcA/t-t- ntACY^, s-AiujD u^lccLf\otj^ a>e*j. 


3.0 


©, S" 


/.o 


<^rre3V3 


o.<^ 


T>aA/sJ^K,£- cb.Q,A-v.Aeju.^ ^.PrtOjQ ' uJ>^sr r^Rp^^iuc^r^^ 


<?i9y 


/5.S- 


f.o 


.-^i-re 3 S-^ 




'^ 



























































































































































Information Checklist 



Attachments 



Q Sampling site location and description (geology, topography, etc.) 
QSampling equipment information/sampling methods 
[^Sampling methods 
Q Sampling material information 

/]B'- '•1! :nr()nnali<'^; 



n^Photographs of site 
iPfMaps of project site 
I fAdequate size soil samples 
[^Photographs of soil sample sites 

,jd' '"'"'' ' '' ' ''■'' -"ii-- etc) 
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.?+\ 



ENQrOFWOfi 

ntpsctwgrc 



NTL Engineering 
& Geoscience 



Statewide Corrosivity Study-Sample I^og 

NTL Engineering Project Number 00-30 1 



I50J 140) SI, SW, Ore«l Fnlh. MT 4MM-32f.9 

MDT Materials District: J^KJLlU^-^ County: 

Materials Supervisor: J .^ lO(HJl<,(hf\ 



(1 



JAitAdiU 



Sampling Date: (jun) U)'-/ "^^ 




Project Team Members 

General , .^iv,A-!>'- 

Site Description: <^/yn/ 7^/ /JS^J-^T Dum OP 



Highwav/Milepost: 7^ / /^ F* ~^ Sampling Date: (fmish) ^^/^gig 

Station/Offset: M'TJ^t^^'/^ Sample Location: /?/^//^/^C.. 1^a/AJA6<. 



oiaiion/v/iisec /z, 



Site Sketch 



^/fo^e.. . ^ 



Sample Locations: 3-/ -/t^/9TZ^'<£/9i- cJfi^U>fi f— 




Weather Conditions : Y£>"/^i'ShCsrLif CupuL'^ 



LTi uy//0£> f 



X| Photographs 



Location, Description, and Reference Number 



Maps 



Geology, Physiology, Topography, and Special Features/Conditions: "Ti^/^ <g<fyMf/09^-^ t/ /^l- i^r" U,*-. )Ze?u^/AA, 
J^LL<^. 



Culvert Inspection Report 









f,^ "^^ »■"• 



Roadway Station: 
Culvert Type: 



//i)^3tAf 



Cj=.e 



Length: 
Diameter: 



Je^ 



62>» ^ ^'i(^^ 



General Condition: \/e,Kl/ (Bo^^ 

Photograph Number(s): Pi - P "1 



AoDroximate Age: HS'9? 4 1 1M> Coating: <j>f>(ix'A Pl'i'''^ Location of Soil Samples: Of \t-r,fit. MAi/j^ 
Remarks/Comments: , P>P^k-^£ S U r^f+T r.P^t^S i o^ t^ JZo<.S Jk^TT^^ (L?OTfc P"Z 



Sampling Eg uipmerit 

I I Backhoe 

□ Drill 

I [Hand Auger 

Qlshovel 

n Other 



'.s' 'Sti,sfi%.-^-"^-' 






Include Details of 
Sampling Equipment 
and Procedures/Methods 
of Sample Collection 

(pnrliciiUirly any il^vialion 
iineil procv 



n^f^.^ny^^/^^ SitoV^^ 



MDT Materials District: 
Miiterials Supervisor: 



Statewide Corrosivity Study— Sample Log 

4>l L L ( Ajar^ County: CyheAtV^ 

■^1 ^/o>4^KJSOo. Location: ^,r^ ■? S fV^P j<? ,%V^ 



Materials 



/ \ Sample 

Sample. ^ f J Code* Size 

P} Soil Sample^/ g^3/r^^ S^ / h jfS'SOO 

Q-Soil Sample N yS JT^ ll S.-Z. I .h /SAQO 

Qsoil Sample /?l a.'in^U S-,? / jg J7^o_ 



^44^^-v-'^i,^'^»y^i^a?y"^it.^-: 



VvvC-^Z-f- 






QSoil Sample X Hf^Sim t^ $.-</ / S 
P Water Sample Z^W^^^^^ 
I I Coupon Sample ' 



A -Backfill sample from a corroded culvert 
B -Backfill sample from a non-corroded culvert 



Photograph 
Reference 



■7(000 



p. 5 



For soil samples, enter ^ Gravel 


Sand 


Silt/Clay 


//re estimated percent of '5 


^^. 


VO 


material for each grain 5 


/2> 


s?^-? 


Jize, Collect a minimum 5:r90 


3o 


5o 


sample size corresponding <-30 


• , t?o 


/o 


to the primary constituent 

(ie. gravel-9000g) 

Minimum Sample Size : 9000g (19.8 lb) 


■ 
■ 

6500g (14.3 lb) 


4S00g( 9.91b) 



C -Native soil sample near a corroded culvert 
D -Native soil sample near a non-corroded culvert 



Comments: 



S/^<>)rg V S'^ -hc^K^jQ //03i^.^ CL(}L^\/ej^n 



Boriii'g/Excavation Lo'g 






TJP^ 



Field Engineer: 



IJ. 



Boring/Excavation Location: 



Depth 


ASTM Visual Classification and Description 




Sample Depth 
from to 


Sample 
Number 


Remarks 


a^' 


A-'A-Tli;^ 5V^IU^-A L>-pSU)-f<£U 


/(^;7 


©.s' 


pn^ 


im^ ■?- / 


(P.f ' 


j>/!,A./OAfe-^ mAifeft/AC lNj^iiiE:(^u%.u£)Lr rt/i/^ii /)<^/;S^ l^isr 


fj?.7 


^./' 


<o,(p 


SneV^-S- 


^-5'' 


,p^j<^/L.c ' <^^^9V^tLy Sd/c 


//.2 


^}^' 


^.f 


Srr^¥S-3 


(?-^' 


/u^-n^^ ^o)^^ 7::>(^f>tt^f^^^ <ArO0\y\ ~:^fi~ 


/5'^ 


r^^s' 


0'^ 


^nt-i/Sr^ 




' ' 
























• 



































































































































Information ChecKlist 



Attachments 



_j Sampling site location and description (geology, topography, etc.) 
3 Sampling equipment information/sampling methods 

[Sampling methods 
|;^SampIing material information 

•ing log iii,^ -nfioii 



Qrhotographs of site 
Q^Maps of project site 
[H""Adequate size soil samples 
ri Photographs of soil sample sites 
: ^^Q'-orsa; Ics ( -is, c .0 



Appendix C 

Photograph Log 



111 



Appendix D 
Test Results Summary 



125 



District/ 


Soil Classification 






Atterbcrg Limits 




Gradation 




Location 


Unified 


AASHTO 


GI 


LL 


PL 


PI 


%Gravel 


%Sand 


%Siltraaj__ 


Dl-Sl 


Well Graded Gravel with Sand GW 


A-l-a 





NP 


NP 


NP 


74.5 


24.0 


1.5 


D1-S2 


Poorly Graded Gravel with Silt and Sand GP-GM 


A-l-a 





NP 


NP 


NP 


57.4 


35.5 


7.1 


D1-S3 


Silty Sand SM 


A-4 





25 


26 


NP 


7.6 


44.5 


47.9 


D1-S4 


Poorly Graded Gravel with Sand GP 


A-l-a 





NP 


NP 


NP 


56.7 


41.3 


2.0 


D1-S5 


Silty Sand with Gravel SM 


A-2-4 





33 


30 


3 


18.0 


48.2 


33.8 


D1-S6 


Silty Sand with Gravel SM 


A-4 





36 


32 


4 


24.4 


30.0 


45.6 


D1-S7 


Silt ML 


A-4 


-5 


30 


24 


6 


0.1 


lO.I 


89.8 


D1-S8 


Poorly Graded Sand with Silt and Gravel SP-SM 


A-l-b 





NP 


NP 


NP 


25.4 


69.0 


5.6 


D1-S9 


Silt ML 


A-4 





25 


25 


NP 


2.9 


11.1 


86.0 


Dl-SlO 


Silty Gravel with Sand GM 


A-l-b 





49 


47 


3 


61.6 


22.3 


16.1 


Dl-Sl 1 


Sandy Silt ML 


A-5 


-7 


42 


32 


10 


8.5 


22.2 


69.3 


D1-S12 


Sandy Silt ML 


A-4 





25 


22 


4 


1.3 


44.0 


54.7 


D1-S13 


Lean Clay CL 


A-7-6 


-22 


42 


21 


21 


0.2 


4.1 


95.7 


D1-S14 


Sandy Silty Clay CL-ML 


A-4 


-1 


28 


22 


6 


2.6 


41.9 


55.5 


D1-S15 


Sandy Silt ML 


A-6 


-5 


38 


27 


11 


8.0 


31.4 


60.6 


D1-S16 


Silty Sand SM 


A-2-4 





NP 


NP 


NP 


8.7 


56.3 


35.0 


D2-S1 


Sandy Elastic Silt MH 


A-7-6 


-11 


50 


29 


22 


12.6 


30.3 


57.1 


D2-S2 


Sandy Lean Clay CL 


A-7-6 


-12 


41 


14 


27 


1.4 


41.4 


57.2 


D2-S3 


Sandy Lean Clay CL 


A-7-6 


-19 


46 


16 


30 


1.9 


27.8 


70.3 


D2-S4 


Poorly Graded Gravel with Silt and Sand GP-GM 


A-l-a 





NP 


NP 


NP 


53.5 


40.6 


5.9 


D2-S5 


Poorly Graded Sand with Silt and Gravel SP-SM 


A-l-b 





NP 


NP 


NP 


21.9 


70.7 


7.4 


D2-S6 


Silty Sand with Gravel SM 


A-l-b 





NP 


NP 


NP 


27.3 


58.4 


14.3 


D2-S7 


Poorly Graded Sand with Silt and Gravel SP-SM 


A-l-b 





NP 


NP 


NP 


42.3 


46.1 


11.6 


D2-S8 


Fat Clay with Sand CH 


A-7-6 


-32 


58 


17 


41 


2.4 


18.9 


78.7 


D2-S9 


Clayey Gravel with Sand GC 


A-2-6 





33 


16 


17 


54.3 


28.6 


17.1 


D2-S10 


Lean Clay with Sand CL 


A-7-6 


-22 


47 


15 


31 


1.0 


24.4 


74.6 


D2-S11 


Fat Clay with Sand CH 


A-7-6 


-34 


56 


17 


39 


0.3 


15.4 


84.3 


D2-S12 


Clayey Gravel with Sand GC 


A-2-7 


-4 


51 


17 


34 


42.3 


25.0 


32.7 


D2-S13 


Clayey Sand with Gravel SC 


A-2-6 


-1 


37 


20 


17 


22.2 


53.7 


24.1 


D2-S14 


Clayey Sand SC 


A-7-6 


-7 


41 


15 


25 


8,2 


44.9 


46.9 


D2-S15 


Clayey Gravel with Sand GC 


A-2-6 





26 


14 


12 


44.8 


38.6 


16.6 


D3-S1 


Sandy Lean Clay CL 


A-6 


-10 


39 


20 


19 


7.9 


29.3 


62.8 


D3-S2 


Sandy Lean Clay with Gravel CL 


A-7-6 


-8 


43 


24 


19 


18.7 


26.7 


54.6 


D3-S3 


Sandy Lean Clay CL 


A-6 


-9 


37 


17 


20 


6.2 


34.8 


59.0 


D3-S5 


Sandy Lean Clay CL 


A-6 


-5 


32 


19 


13 


5.5 


35.2 


59.3 


D3-S7 


Lean Clay CL 


A-7-6 


-25 


43 


17 


27 


0.2 


9.3 


90.5 


D3-S8 


Lean Clay with Sand CL 


A-6 


-17 


39 


15 


24 


0.9 


21.0 


78.1 


D3-S10 


Lean Clay CL 


A-7-6 


-29 


48 


15 


33 


0.2 


12.9 


86.9 


D3-S11 


Lean Clay with Sand CL 


A-7-6 


-18 


47 


21 


26 


1.1 


26.4 


72,5 


D4-S1 


Poorly Graded Sand SP 


A-7-6 


-27 


60 


15 


45 


14.1 


85.1 


0.8 


D4-S2 


Fat Clay with Sand CH 


A-7-6 


-28 


57 


18 


40 


1.6 


25.7 


72.7 


D4-S3 


Fat Clay CH 


A-7-6 


-52 


70 


21 


49 


0.0 


4.9 


95.1 


D4-S4 


Fat Clay CH 


A-7-6 


-80 


103 


21 


81 


0.5 


10.9 


88.6 


D4-S5 


Fat Clay with Gravel CH 


A-7-6 


-51 


78 


18 


60 


9.6 


9.2 


81.2 


D4-S6 


Fat Clay with Sand CH 


A-7-6 


-42 


71 


21 


50 


0.3 


19.8 


79.9 


D4-S7 


Sandy Lean Clay CL 


A-6 


-13 


37 


15 


22 


0.5 


29.3 


70.2 


D4-S8 


Lean Clay with Sand CL 


A-6 


-16 


36 


14 


23 


0.1 


20.5 


79.4 


D4-S9 


Sandy Lean Clay CL 


A-4 


-3 


29 


21 


8 


0.0 


34.2 


65.8 


D4-S10 


Well Graded Gravel with Clay and Sand GW-GC 


A-2-4 





27 


19 


9 


63.4 


29.3 


7.3 


D4-S11 


Silty Clay with Sand CL-ML 


A-4 


-3 


26 


21 


5 


1.1 


18.9 


80.0 


D4-S12 


Clayey Sand with Gravel SC 


A-2-6 


-1 


35 


15 


21 


26.8 


49.1 


24.1 


D5-S1 


Lean Clay with Sand CL 


A-6 


-14 


37 


16 


21 


8.1 


17.1 


74.8 


D5-S2 


Fat Clay CH 


A-7-6 


-37 


52 


16 


36 


0.4 


3.9 


95.7 


D5-S3 


Clayey Gravel with Sand GC 


A-7-6 


-4 


41 


16 


25 


35.2 


27.9 


36.9 


D5-S4 


Fat Clay CH 


A-7-6 


-35 


51 


17 


35 


0.7 


5.2 


94.1 


D5-S5 


Lean Clay with Sand CL 


A-6 


-16 


38 


15 


23 


0.0 


22.0 


78.0 


D5-S6 


Lean Clay CL 


A-6 


-18 


36 


15 


22 


0.0 


12.0 


88.0 


D5-S7 


Lean Clay with Sand CL 


A-6 


-14 


37 


15 


21 


10.1 


13.7 


76.2 


D5-S8 


Lean Clay CL 


A-7-6 


-27 


45 


17 


28 


0.0 


8.2 


91.8 


D5-S9 


Clayey Gravel with Sand GC 


A-7-6 


-11 


55 


21 


34 


31.1 


22.0 


46.9 


D5-S10 


Sandy Lean Clay CL 


A-6 


-7 


35 


19 


16 


0.0 


39.2 


60.8 


D5-S11 


Silty Sand with Gravel SM 


A-l-b 





21 


20 


1 


29.3 


50.1 


20.6 


D5-S12 


Silty Sand with Gravel SM 


A-l-b 





26 


23 


3 


31.6 


53.8 


14.6 


D5-S13 


Silty Sand with Gravel SM 


A-2-6 





39 


28 


12 


18.4 


54.9 


26.7 


D5-S14 


Silty Sand SM 


A-5 





60 


56 


4 


5.5 


56.9 


37.6 


D5-SI5 


Clayey Gravel with Sand GC 


A-2-6 


-1 


32 


19 


14 


35.9 


32.7 


31.4 


D5-S16 


Poorly Graded Gravel with Silt and Sand GP-GM 


A-l-b 





41 


40 


1 


49.8 


39.2 


11.0 
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District/ 


Soil Classification 






Atterberg Limits 




Gradation 




Location 


Unified 




AASHTO 


GI 


LL 


PL 


PI 


%Gravel 


%Sand 


%Sil^aa^ 


Dl-S 1 


Well Graded Sand with Silt 


SW-SM 


A-l-b 





NP 


NP 


NP 


0.0 


91.5 


8.5 


D1-S2 


Silty Sand 


SM 


A-2-4 





NP 


NP 


NP 


0.0 


81.2 


18.8 


Dl-S 3 


Sandy Silt 


ML 


A-4 





25 


26 


NP 


0.0 


43.1 


56.9 


Dl-S 4 


Well Graded Sand with Silt 


SW-SM 


A-l-b 





NP 


NP 


NP 


0.0 


93.8 


6.2 


D1-S5 


Silty Sand 


SM 


A-4 





33 


30 


3 


0.0 


50.6 


49.4 


Dl-S 6 


Sandy Silt 


ML 


A-4 


-3 


36 


32 


4 


0.0 


31.7 


68.3 


Dl-S 7 


Silt 


ML 


A-4 


-5 


30 


24 


6 


0.0 


9.8 


90.2 


Dl-S 8 


Poorly Graded Sand with Sill 


SP-SM 


A-2-4 





NP 


NP 


NP 


0.0 


89.9 


lO.I 


Dl-S 9 


Sih 


ML 


A-4 





25 


25 


NP 


0.0 


9.1 


90.9 


Dl-SlO 


Sandy Silt 


ML 


A-5 


-3 


49 


47 


3 


0.0 


40.3 


59.7 


Dl-Sll 


Silt with Sand 


ML 


A-5 


-9 


42 


32 


10 


0.0 


20.8 


79.2 


D1-S12 


Sandy Silt 


ML 


A-4 





25 


22 


4 


0.0 


44.1 


55.9 


D1-S13 


Lean Clay 


CL 


A-7-6 


-22 


42 


21 


21 


0.0 


3.9 


96.1 


D1-S14 


Sandy Silty Clay 


CL-ML 


A-4 


-2 


28 


22 


6 


0.0 


41.5 


58.5 


D1-S15 


Silt with Sand 


ML 


A-6 


-7 


38 


27 


11 


0.0 


28.7 


71.3 


D1-S16 


Silty Sand 


SM 


A-2-4 





NP 


NP 


NP 


0.0 


65.6 


34.4 


D2-S1 


Sandy Elastic Silt 


MH 


A-7-6 


-15 


50 


29 


22 


0.0 


30.9 


69.1 


D2-S2 


Sandy Lean Clay 


CL 


A-7-6 


-12 


41 


14 


27 


0.0 


41.0 


59.0 


D2-S3 


Lean Clay with Sand 


CL 


A-7-6 


-20 


46 


16 


30 


0.0 


27.6 


72.4 


D2-S4 


Silty Sand 


SM 


A-2-4 





NP 


NP 


NP 


0.0 


84.4 


15.6 


D2-S5 


Well Graded Sand with Silt 


SW-SM 


A-2-4 





NP 


NP 


NP 


0.0 


88.6 


11.4 


D2-S6 


Silty Sand 


SM 


A-2-4 





NP 


NP 


NP 


0.0 


77.5 


22.5 


D2-S7 


Silty Sand 


SM 


A-2-4 





NP 


NP 


NP 


0.0 


76.7 


23.3 


D2-S8 


Fat Clay with Sand 


CH 


A-7-6 


-34 


58 


17 


41 


0.0 


18.3 


81.7 


D2-S9 


Clayey Sand 


sc 


A-6 


-4 


33 


16 


17 


0.0 


53.2 


46.8 


D2-S10 


Lean Clay with Sand 


CL 


A-7-6 


-22 


47 


15 


31 


0.0 


23.9 


76.1 


D2-S11 


Fat Clay with Sand 


CH 


A-7-6 


-34 


56 


17 


39 


0.0 


15.2 


84.8 


D2-S12 


Sandy Fat Clay 


CH 


A-7-6 


-19 


51 


17 


34 


0.0 


37.3 


62.7 


D2-S13 


Clayey Sand 


SC 


A-6 


-2 


37 


20 


17 


0.0 


62.7 


37.3 


D2-S14 


Sandy Lean Clay 


CL 


A-7-6 


-10 


41 


15 


25 


0.0 


45.4 


54.6 


D2-S15 


Clayey Sand 


SC 


A-6 


-1 


26 


14 


12 


0.0 


61.7 


38.3 


D3-S 1 


Lean Clay with Sand 


CL 


A-6 


-14 


39 


20 


19 


0.0 


21.9 


78.1 


D3-S2 


Lean Clay with Sand 


CL 


A-7-6 


-15 


43 


24 


19 


0.0 


21.8 


78.2 


D3-S3 


Sandy Lean Clay 


CL 


A-6 


-11 


37 


17 


20 


0.0 


32.3 


67.7 


D3-S5 


Sandy Lean Clay 


CL 


A-6 


-7 


32 


19 


13 


0.0 


30.9 


69.1 


D3-S7 


Lean Clay 


CL 


A-7-6 


-25 


43 


17 


27 


0.0 


8.9 


91.1 


D3-S8 


Lean Clay with Sand 


CL 


A-6 


-18 


39 


15 


24 


0.0 


20.7 


79.3 


D3-S10 


Lean Clay 


CL 


A-7-6 


-30 


48 


15 


33 


0.0 


10.3 


89.7 


D3-S1I 


Lean Clay with Sand 


CL 


A-7-6 


-19 


47 


21 


26 


0.0 


25.2 


74.8 


D4-S1 


Clayey Sand 


SC 


A-7-6 


-8 


60 


15 


45 


0.0 


63.5 


36.5 


D4-S2 


Fat Clay with Sand 


CH 


A-7-6 


-29 


57 


18 


40 


0.0 


25.5 


74.5 


D4-S3 


Fat Clay 


CH 


A-7-6 


-52 


70 


21 


49 


0.0 


4.8 


95.2 


D4-S4 


Fat Clay 


CH 


A-7-6 


-83 


103 


21 


81 


0.0 


8.9 


91.1 


D4-S5 


Fat Clay 


CH 


A-7-6 


-60 


78 


18 


60 


0.0 


8.7 


91.3 


04- S 6 


Fat Clay with Sand 


CH 


A-7-6 


-43 


71 


21 


50 


0.0 


18.5 


81.5 


D4-S7 


Lean Clay with Sand 


CL 


A-6 


-14 


37 


15 


22 


0.0 


26.6 


73.4 


D4-S8 


Lean Clay with Sand 


CL 


A-6 


-16 


36 


14 


23 


0.0 


20.5 


79.5 


D4-S9 


Sandy 1 «an Clay 


CL 


A-4 


-3 


29 


21 


8 


0.0 


34.1 


65.9 


D4-S10 


Clayey Sand 


SC 


A-2-4 





27 


19 


9 


0.0 


74.8 


25.2 


D4-S11 


Silty Clay with Sand 


CL-ML 


A-4 


-3 


26 


21 


5 


0.0 


18.8 


81.2 


D4-S12 


Clayey Sand 


SC 


A-6 


-3 


35 


15 


21 


0.0 


62.1 


37.9 


05- S 1 


Lean Clay with Sand 


CL 


A-6 


-17 


37 


16 


21 


0.0 


15.5 


84.5 


05-3 2 


Fat Clay 


CH 


A-7-6 


-37 


52 


16 


36 


0.0 


3.5 


96.5 


05- S3 


Sandy Lean Clay 


CL 


A-7-6 


-15 


41 


16 


25 


0.0 


30.0 


70.0 


05- S 4 


Fat Clay 


CH 


A-7-6 


-36 


51 


17 


35 


0.0 


4.6 


95.4 


05- S 5 


Lean Clay with Sand 


CL 


A-6 


-16 


38 


15 


23 


0.0 


22.0 


78.0 


05- S 6 


Lean Clay 


CL 


A-6 


-18 


36 


15 


22 


0.0 


11.4 


88.6 


05-S7 


Lean Clay 


CL 


A-6 


-17 


37 


15 


21 


0.0 


14.3 


85.7 


05-S8 


Lean Clay 


CL 


A-7-6 


-27 


45 


17 


28 


0.0 


8.1 


91.9 


05- S 9 


Sandy Fat Clay 


CH 


A-7-6 


-23 


55 


21 


34 


0.0 


30.4 


69.6 


05-SlO 


Sandy Lean Clay 


CL 


A-6 


-8 


35 


19 


16 


0.0 


36.6 


63.4 


05-S11 


Silty Sand 


SM 


A-2-4 





21 


20 


1 


0.0 


68.0 


32.0 


05-S12 


Silty Sand 


SM 


A-2-4 





26 


23 


3 


0.0 


77.3 


22.7 


05-S13 


Silty Sand 


SM 


A-6 


-1 


39 


28 


12 


0.0 


64.1 


35.9 


05-S14 


Silty Sand 


SM 


A-5 





60 


56 


4 


0.0 


58.7 


41.3 


05-S15 


Sandy Lean Clay 


CL 


A-6 


-5 


32 


19 


14 


0.0 


45.6 


54.4 


D5-S16 


Silty Sand 


SM 


A-2-5 





41 


40 


1 


0.0 


74.4 


25.6 
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Great Falls, Montana 
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District/ 


Soil Classification 




Atterberg Limits 




Gradation 




Location 


Unified 




AASHTO 


GI 


LL 


PL 


PI 


"/o Gravel 


%Sand 


%Silf/Clay 


CS-EC, 1 


Lean Clay with Sand 


CL 


A-7-6 


(21) 


44 


19 


25 


0.0 


16.3 


83.7 


CS-EC, 2 


Lean Clay with Sand 


CL 


A-7-6 


(21) 


44 


19 


25 


0.0 


17.6 


82.4 


CS-EC, 3 


Elastic Silt with Sand 


MH 


A-5 


(17) 


98 


98 





0.0 


17.3 


82.7 


CS-EC, 4 


Lean Clay 


CL 


A-6 


(19) 


40 


18 


22 


0.0 


13.5 


86.5 


CS-EC, 5 


Lean Clay 


CL 


A-6 


(16) 


36 


17 


19 


0.0 


11.8 


88.2 


CS-EC, 6 


Lean Clay 


CL 


A-7-6 


(29) 


44 


16 


29 


0.0 


2.8 


97.2 


CS-EC, 7 


Lean Clay 


CL 


A-7-6 


(32) 


46 


15 


31 


0.0 


2.4 


97.6 


CS-EC, 8 


Lean Clay 


CL 


A-7-6 


(29) 


44 


15 


29 


0.0 


3.6 


96.4 


CS-EC, 9 


Lean Clay 


CL 


A-6 


(13) 


35 


19 


16 


0.0 


13.4 


86.6 


CS-EC, 10 


Lean Clay 


CL 


A-6 


(23) 


40 


15 


26 


0.0 


9.7 


90.3 


CS-EC, 11 


Lean Clay 


CL 


A-7-6 


(29) 


44 


15 


29 


0.0 


4.2 


95.8 


CS-EC,12 


Lean Clay 


CL 


A-7-6 


(28) 


43 


15 


28 


0.0 


2.1 


97.9 


CS-WC, 1 


Elastic Silt with Sand 


MH 


A-7-5 


(16) 


53 


32 


21 


0.0 


28,9 


71.1 


CS-WC, 2 


Elastic Silt 


MH 


A-7-5 


(17) 


53 


37 


17 


0.0 


18.0 


82.0 


CS-WC, 3 


Lean Clay 


CL 


A-7-6 


(26) 


43 


14 


29 


0.0 


9.9 


90.1 


CS-WC, 4 


Lean Clay 


CL 


A-6 


(18) 


37 


15 


22 


0.0 


13.4 


86.6 


CS-WC, 5 


Lean Clay with Sand 


CL 


A-7-6 


(27) 


47 


15 


32 


0.0 


15.6 


84.4 


CS-WC, 6 


Lean Clay 


CL 


A-6 


(22) 


38 


14 


23 


0.0 


5.3 


94.7 


CS-WC, 7 


Lean Clay 


CL 


A-6 


(22) 


38 


15 


23 


0.0 


4.3 


95.7 


CS-WC, 8 


Lean Clay 


CL 


A-7-6 


(25) 


44 


15 


29 


0.0 


13.3 


86.7 
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Figure 15 



Sample 


Testing 


pH 




Marble 


pH 


Conductivity 






Resistivity 




Sulfate 


Chloride 


Number 


Date 


paste 


1:2 


paste 


1:2 


Paste 1:1 


1:2 


Paste 


1:1 


1:2 




















(mmhoa/ctn) 


(ohm-cm) 


(ohmH^m) 


(ohm-cm) 


(V.) 


(%) 


DI-SI 


05/24/00 


7.1 


7.8 


7,3 


7.6 


0.091 0.108 


0.058 


10989 


9259 


17241 


Trace 


Trace 


D1-S2 


05/24/00 


6.4 


6.8 


69 


7.0 


0.088 0.090 


0.044 


11363 


mil 


22727 


Trace 


Trace 


D1-S3 


05/24/00 


6.5 


66 


7,0 


7.0 


0.160 0.134 


0.069 


6250 


7462 


14492 


Trace 


Trace 


D1-S4 


05/24/00 


7.1 


7.3 


7,1 


7.4 


0.086 0.077 


0.038 


11627 


12987 


26315 


Trace 


Trace 


D1-S5 


05/24/00 


6.2 


6.4 


6,7 


6.9 


0.109 0.099 


0.053 


9174 


10101 


18867 


Trace 


Trace 


DI-S6 


06/01/00 


6.7 


7.2 


68 


7.0 


0.191 0.116 


0.053 


5236 


8626 


18868 


Trace 


Trace 


DI-S7 


06/01/00 


7.7 


7.8 


7,6 


7.7 


0.210 O140 


0.081 


4762 


7143 


12346 


Trace 


Trace 


D1-S8 


06/01/00 


7.7 


7,9 


7,6 


7.7 


0.068 0.063 


0.026 


14706 


15873 


38462 


Trace 


Trace 


D1-S9 


06/01/00 


7.7 


7.9 


7,6 


7.4 


0.174 0.168 


0.083 


5747 


5952 


12048 


Trace 


Trace 


Dl-SlO 


06/01/00 


7.9 


8.0 


7,8 


7.7 


0.217 0.236 


0.123 


4608 


4237 


8130 


Trace 


Trace 


Dl-Sll 


06/06/00 


7.4 


7.6 


7,2 


7.3 


0.265 0.263 


0.176 


3773 


3802 


5682 


Trace 


Trace 


D1-S12 


06/06/00 


8.1 


8.3 


7,9 


8.2 


0.186 0158 


0.138 


5376 


6329 


7246 


Trace 


Trace 


D1-S13 


06/06/00 


8.0 


8.4 


7.9 


8,2 


0.250 0.207 


0.142 


4000 


4831 


7042 


Trace 


Trace 


D1-S14 


06/06/00 


7.7 


8.2 


7.5 


7,8 


0.219 0.171 


0.136 


4566 


5848 


7353 


Trace 


Trace 


D1-S15 


06/06/00 


7.1 


7.2 


7.1 


7,3 


0.139 0.122 


0.091 


7194 


8197 


10989 


Trace 


Trace 


D1-S16 


06/07/00 


7.8 


8.0 


7.6 


7,8 


0.147 0.263 


0.228 


6802 


3802 


4385 


Trace 


Trace 


D2-SI 


07/12/00 


9.0 


9.4 


8.8 


9,3 


1.506 1.224 


1.017 


664 


817 


983 


0,105 


0.011 


D2-S2 


07/12/00 


8.0 


8.3 


7.9 


8,3 


0.647 0.579 


0.470 


1546 


1727 


2127 


0,052 


0.004 


D2-S3 


07/20/00 


8.0 


8.4 


8.0 


8,3 


0.589 0.478 


0.391 


1678 


2092 


2557 


0,088 


001 


D2-S4 


07/20/00 


8.1 


8.5 


8.0 


8,2 


0.105 0.079 


0.125 


9524 


12658 


8000 


Trace 


Trace 


D2-S5 


07/20/00 


8.2 


8.5 


7.5 


7,8 


0.085 0.070 


0113 


11765 


14286 


8850 


Trace 


Trace 


D2-S6 


07/20/00 


8.0 


8,4 


7.9 


7,9 


0.166 0.113 


0133 


6024 


8850 


7519 


Trace 


Trace 


D2-S7 


07/20/00 


8,4 


8,8 


8.4 


8,4 


0.094 0.072 


OlOl 


10638 


13888 


9901 


Trace 


Trace 


D2-S8 


07/24/00 


8.7 


9,5 


8.7 


93 


1.155 1.126 


0.803 


866 


888 


1245 


0,033 


O014 


D2-S9 


07/24/00 


8.2 


9,1 


8.3 


9,0 


0.266 0.212 


0175 


3759 


4716 


5714 


0,018 


Trace 


D2-S10 


07/24/00 


8.1 


8.7 


8 1 


8,7 


1.148 1.014 


0.647 


871 


986 


1546 


0,051 


0.007 


D2-S11 


07/24/00 


9.3 


9.7 


9.3 


9,6 


5.034 4.446 


3.432 


199 


225 


291 


0,537 


0.025 


D2-S12 


07/24/00 


7.6 


8 1 


7.5 


8,0 


0.658 0.635 


0.464 


1519 


1575 


2155 


0,04 


Trace 


D2-S13 


07/28/00 


7.5 


7.8 


7.6 


7,8 


0.350 0196 


0.234 


2857 


5102 


4274 


Trace 


Trace 


D2-S14 


07/28/00 


7.4 


8 1 


7.4 


8,0 


0.900 0.612 


0.495 


nil 


1634 


2020 


0,062 


Trace 


D2-S15 


07/28/00 


8.0 


8,5 


8.0 


8,4 


0.239 0.155 


0.181 


4184 


6452 


5525 


Trace 


Trace 


D3-S1 


08/15/00 


3.8 


39 


4.2 


5,8 


0,617 0480 


0.340 


1621 


2083 


2941 


02 


Trace 


D3-S2 


08/15/00 


3.3 


3,4 


6.4 


5.9 


0,904 0,790 


0.716 


1106 


1266 


1397 


0,53 


Trace 


D3-S3 


08/15/00 


3.3 


3,4 


4.9 


5.7 


0,938 0,828 


0.679 


1066 


1208 


1473 


0,53 


Trace 


D3-S5 


08/15/00 


4.4 


4,5 


6.0 


61 


0,254 0,203 


0.149 


3937 


4926 


6711 


0,06 


Trace 


D3-S7 


08/15/00 


8.0 


8,4 


8.0 


8.2 


3,840 3,710 


2.640 


260 


270 


379 


0,011 


Trace 


D3-S8 


08/21/00 


8.3 


8,6 


8.1 


8.4 


6,414 6,228 


4.542 


156 


160 


220 


0,0171 


Trace 


D3-SI0 


08/21/00 


7.9 


8,3 


7.9 


8.2 


0555 0,504 


0.392 


1801 


1984 


2551 


0,045 


Trace 


D3-SII 


08/21/00 


7.5 


7.9 


7.6 


7.7 


0,289 0.251 


01 90 


3460 


3984 


5263 


0,01 


Trace 


D4-S1 


06/07/00 


7.8 


8.0 


7.7 


7.9 


2.622 4.122 


3.762 


381 


243 


266 


1,34 


0.002 


D4-S2 


06/07/00 


7.7 


7.9 


7.6 


7.8 


3.060 4.710 


4.362 


327 


212 


229 


1.3 


0.001 


D4-S3 


06/07/00 


8.0 


8.4 


7.8 


8.1 


0.516 0934 


0.884 


1949 


1070 


1131 


0.03 


O00I5 


D4-S4 


06/07/00 


9.1 


9.1 


8.9 


8.9 


1.584 4.068 


2.664 


631 


246 


375 


0214 


OOl 8 


D4-S5 


07/06/00 


7.9 


8.1 


7.8 


7.9 


2.510 2.380 


2.250 


398 


420 


444 


1.01 


Trace 


D4-S6 


07/06/00 


5.3 


5.5 


6.4 


6,6 


1,990 1,740 


1.280 


503 


575 


781 


0.44 


Trace 


D4-S7 


07/06/00 


7.8 


8,0 


7.8 


8,0 


1,390 1330 


1.050 


719 


752 


952 


0.23 


Trace 


D4-S8 


07/06/00 


8.0 


8,8 


8.0 


8,5 


0,300 0.270 


0161 


3333 


3704 


6211 


OOl 


Trace 


D4-S9 


07/06/00 


8.9 


9,9 


8.7 


9.5 


1.390 1.060 


O830 


719 


943 


1205 


0.06 


Trace 


D4-SI0 


07/12/00 


9.0 


10,0 


8.7 


9.6 


0.648 0.439 


0.436 


1543 


2278 


2294 


0.053 


0.003 


D4-SII 


07/12/00 


8.4 


10,0 


8.7 


8.5 


0.242 0.197 


0148 


4132 


5076 


6756 


0.019 


0.003 


D4-S12 


07/12/00 


86 


9,7 


8.3 


9.1 


1.018 0.876 


0.680 


982 


1141 


1471 


0.071 


0.003 


D5-SI 


07/28/00 


6.9 


7,9 


6.9 


7.6 


0.587 0.376 


0.286 


1703 


2660 


3497 


Trace 


Trace 


D5-S2 


08/01/00 


7.7 


8,2 


7.7 


7.9 


0.412 0422 


0.254 


2427 


2370 


3937 


O014 


0.009 


D5-S3 


08/01/00 


7.8 


8,0 


7.6 


7.9 


0.765 0.642 


0.544 


1307 


1558 


1838 


0.101 


0.007 


D5-S4 


08/01/00 


7.8 


7,7 


7.7 


7.9 


0.359 0.384 


0.247 


2786 


2604 


4048 


0.012 


0.014 


D5-S5 


08/01/00 


8.4 


8,7 


8.3 


8.5 


4.848 5.148 


4.254 


206 


194 


235 


1.163 


0.014 


D5-S6 


08/01/00 


8.5 


8,8 


8.5 


8.7 


7.992 7.734 


6.612 


125 


129 


151 


1.858 


0.029 


D5-S7 


08/08/00 


7.7 


8,3 


7.6 


8.1 


0.432 0.335 


0.235 


2315 


2985 


4255 


Trace 


Trace 


D5-S8 


08/08/00 


8.5 


8,7 


8.5 


8.7 


10.820 10.610 


8.510 


92 


94 


118 


2.78 


Trace 


D5-S9 


08/08/00 


7.3 


7,8 


7.2 


7.4 


1.314 1.190 


0.895 


761 


840 


1118 


0.188 


Trace 


D5-S10 


08/08/00 


7.8 


8,2 


7.8 


7.9 


0.281 0.198 


0.173 


3559 


5051 


5780 


Trace 


Trace 


D5-SI1 


08/08/00 


7.8 


8,3 


7.9 


7.9 


0.247 0177 


0.176 


4049 


5649 


5682 


Trace 


Trace 


D5-S12 


08/14/00 


7.4 


8,1 


7.3 


7.6 


0.513 O305 


0.354 


1949 


3278 


2825 


Trace 


Trace 


D5-S13 


08/14/00 


7.3 


7,7 


7.3 


7.2 


0.313 0.193 


0157 


3194 


5181 


6369 


Trace 


Trace 


D5-S14 


08/14/00 


7.2 


7,3 


7.3 


7.3 


0.186 0.195 


0.142 


5376 


5128 


7042 


Trace 


Trace 


D5-S15 


08/14/00 


7.5 


8,0 


7.6 


7.7 


0.201 0.141 


0.097 


4975 


7092 


10309 


Trace 


Trace 


D5-S16 


08/14/00 


7.4 


7.5 


7.3 


7.0 


0.278 0.187 


0.172 


3597 


5347 


5814 


Trace 


Trace 


CS-Wl 


11/21/00 


9.1 


9 5 


9.1 


9.5 


29.040 28.860 


33,060 


34 


35 


30 


7.98 


Trace 


CS-W3 


1 1/21/00 


8.2 


8.6 


7.9 


8.4 


7.686 7.032 


4,830 


130 


142 


207 


1.76 


Trace 


CS-W4 


11/21/00 


7.4 


7.6 


7.5 


7.7 


0.965 0.916 


0658 


1036 


1092 


1520 


0.26 


Trace 


CS-W5 


11/21/00 


7.7 


8.0 


7.8 


0.0 


2.688 2.652 


2,046 


372 


377 


489 


072 


Trace 


CS-W6 


11/21/00 


7.7 


7.9 


7.8 


7.9 


1.578 1.674 


1,524 


634 


597 


656 


053 


Trace 


CS-W7 


11/28/00 


80 


8.1 


8.0 


8.1 


4.170 4.010 


3,190 


240 


249 


313 


086 


Trace 


CS-W8 


11/28/00 


8.1 


8.4 


8.1 


8.4 


4,510 4,290 


2,810 


222 


233 


356 


0.098 


Trace 


CS-El 


11/28/00 


7.8 


0,0 


8.0 


8.1 


14.220 14.580 


11,760 


70 


69 


85 


5.12 


Trace 


CS-E2 


11/28/00 


8.8 


9,0 


8.6 


8.9 


12.360 12.300 


8,400 


81 


81 


119 


3.8 


Trace 


CS-E4 


1 1/28/00 


7.5 


8,0 


7.4 


7.6 


0.360 O390 


0,240 


2777 


2564 


4167 


0.02 


Trace 


CS-E5 


12/01/00 


7.8 


8,1 


7.7 


7.9 


0337 0295 


0,204 


2967 


3390 


4902 


0.05 


Trace 


CS-E6 


12/01/00 


7.9 


8,3 


7.8 


8.2 


0348 0358 


0,216 


2874 


2793 


4630 


0.06 


Trace 


CS-E7 


12/01/00 


7.7 


7,9 


7.6 


7.7 


1.650 1.668 


1,476 


606 


600 


678 


0.54 


Trace 


CS-E8 


12/01/00 


8.2 


8,3 


8.0 


8.2 


2.304 2.286 


1,752 


434 


437 


571 


065 


Trace 


CS-E9 


12/01/00 


7.4 


7,7 


7.2 


7.5 


0915 0.867 


0,678 


1093 


1153 


1475 


015 


Trace 


CS-EIO 


12/05/00 


8.0 


8,3 


8.0 


8.2 


0.703 0.653 


0,408 


1423 


1531 


2451 


Trace 


Trace 


CS-El 1 


12/05/00 


8.4 


8,6 


8.4 


8.5 


3.996 3.954 


2,994 


250 


252 


334 


0.9 


Trace 


CS-El 2 


12/05/00 


7.8 


8,1 


7.8 


8.0 2.940 2.676 


2,046 


340 


374 


489 


0.54 


Trace 
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NTL 




As-Recieved Resistivity Testing 


AASHTO T288 Min 


Resistivity Testing 


AASHTO T288 


Testing w/On-site Water 


Sample 


Resistivity 


Moisture Wet Density Dry Density 


Min. Resistivity 


Moisture Content Resistivity @ field MC 


Water Resistivity 


Minimum Resistivity 


Number 


(ohm-ctn) 


Content (%) (pcO (pcf) 


(ohm-cm) 


(%) 


(ohm-cm) 


(ohm-cm) 


(ohm-cm) 


Dl-Sl 


512000 


4 8 110.7 105.7 


9400 


35.0 


33343 






D1-S2 


250000 


15.8 114.8 99.2 


9720 


30.0 


13380 




10250 


D1-S3 


75000 


23.8 125.8 101.6 


4300 


25.0 


4445 






D1-S4 


98500 


11.9 128.6 114.9 


12200 


30.0 


19461 






D1-S5 


190000 


21.4 131.4 108.2 


8800 


25.0 


10038 




5300 


D1-S6 


59500 


16.3 79.6 68.4 


5400 


30.0 


16182 




4650 


D1-S7 


99000 


46.7 98.6 67.2 


3200 


30.0 


3433 






D1-S8 


11000000 


4 6 104.1 99.5 


11500 


40.0 


34138 






D1-S9 


34000 


25.5 132.4 105.5 


4900 


25.0 


4905 






DI-SIO 


69000 


13.8 123.4 108.4 


3280 


75.0 


30500 






Dl-Sl 1 


16000 


45.2 109.7 75.6 


2450 


40.0 


2552 






D1-S12 


21000 


35.1 124.6 92.2 


3000 


25.0 


3143 


2150 


2150 


D1-S13 


20000 


38.0 123.3 893 


1880 


25.0 


2104 




1850 


D1-S14 


48500 


22.2 116.1 95.0 


3900 


25.0 


4179 






D1-S15 


42000 


29.3 128.7 99.5 


3900 


25.0 


4055 




3700 


D1-S16 


27000 


35.7 120.2 88.6 


3680 


50.0 


3850 






D2-S1 


585 


28.8 109.3 84.9 


425 


52.0 


555 


2080 


418 


D2-S2 


1085 


41.2 113.2 80.2 


725 


24.0 


794 


2080 


712 


D2-S3 


870 


39.2 1 12.0 80.4 


828 


31.0 


896 


2080 


755 


D2-S4 


66000 


24.3 113.1 91.1 


3780 


38.0 


3973 


2080 


2080 


D2-S5 


21500 


6.3 113.2 106.5 


4350 


31.0 


10484 






D2-S6 


7250 


7.2 116.5 108.7 


2900 


24.0 


5244 






D2-S7 


9000 


5.3 124.1 117.9 


4880 


17.0 


6675 






D2-S8 


450 


30.8 121.9 93.2 


395 


24.0 


405 


945 


368 


D2-S9 


3000 


8.9 126.2 115.9 


1780 


17.0 


2409 


945 


945 


D2-S10 


750 


20.7 126.1 104.4 


525 


17.0 


525 


945 


455 


D2-S1 1 


190 


24.6 127.5 102.4 


130 


38.0 


132 


945 


130 


D2-S12 


950 


24.4 115.2 92.6 


838 


24.0 


839 






D2-S13 


2900 


14.4 130.9 114.4 


1720 


24.0 


2456 






D2-S14 


870 


34.1 118.5 88.4 


822 


31.0 


825 






D2-S15 


6950 


4.6 118.5 113.3 


2450 


10.0 


2411 






D3-S1 


1580 


18.1 132.6 112.2 


882 


101.0 


1388 


315 


315 


D3-S2 


1045 


18.9 128.2 107.8 


585 


115.0 


1035 


315 


315 


D3-S3 


915 


11.2 126.8 113.9 


620 


73.0 


1983 


315 


315 


D3-S5 


3200 


29.7 126.7 97.6 


2300 


24.0 


2300 






D3-S7 


228 


24.1 125.4 101.0 


168 


66.0 


208 


315 


315 


D3-S8 


120 


27.3 121.3 95.3 


98 


66.0 


113 






D3-SI0 


915 


17.5 131.6 112.0 


815 


38.0 


901 






D3-S11 


1300 


29.9 116.4 89.6 


1200 


24.0 


1200 






D4-S1 


1500 


22.1 113.3 92.8 


300 


85.0 


438 






D4-S2 


5350 


11.6 97.3 87.2 


245 


55.0 


486 






D4-S3 


570 


27.6 123.3 96.6 


582 


20.0 


627 






D4-S4 


6450 


13.3 180.1 158.9 


250 


30.0 


1440 






D4-S5 


330 


28.2 122.1 95.2 


300 


55.0 


341 






D4-S6 


1800 


22.4 97.9 80.0 


385 


40.0 


464 






D4-S7 


2020 


15.2 112.3 97.5 


538 


40.0 


956 






D4-S8 


1620 


18.1 128.2 108.6 


1320 


15.0 


1332 






D4-S9 


1250 


12.3 107.6 95.8 


420 


3O0 


816 






D4-S10 


1032 


11.6 1319 118.1 


895 


25.0 


1414 


310 


310 


D4-S11 


13000 


6.7 94.2 88.3 


2050 


15.0 


4182 


310 


310 


D4-S12 


36500 


4.7 101.6 97.1 


525 


300 


1254 


310 


310 


D5-SI 


4020000 


2.9 90.3 87.8 


1200 


24.0 


4248 






D5-S2 


5150 


13.2 98.8 87.3 


805 


24.0 


1668 






D5-S3 


1250 


13.2 128.8 113.8 


878 


38.0 


1777 






D5-S4 


1580 


18.7 118.1 99.5 


895 


24.0 


1049 






D5-S5 


140 


31.4 1209 92.0 


135 


52.0 


152 


290 


115 


D5-S6 


91 


29.2 122.9 95.1 


85.5 


52.0 


95 


290 


82.5 


D5-S7 


2550 


10.4 110.9 100.4 


1220 


17.0 


2521 


290 


290 


D5-S8 


74 


43.2 111.4 77.8 


68.8 


59.0 


74 


290 


64.8 


D5-S9 


600 


30.0 118.2 90.9 


550 


59.0 


668 




552 


D5-S10 


5250 


8.4 1 09.1 100.7 


2150 


17.0 


3172 




1680 


D5-S11 


33000 


2.9 106.8 103.7 


2950 


17.0 


4256 




1850 


D5-S12 


1220 


25.9 121.3 96.4 


1450 


24.0 


1450 




1090 


D5-S13 


4600 


16.1 113.4 97.7 


2550 


31.0 


5241 






D5-S14 


2700 


52.6 101.9 66.8 


2650 


52.0 


2650 






D5-S15 


4800 


10.0 125.0 113.6 


2950 


17.0 


4794 






D5-S16 


4150 


12.2 116.9 104.2 


3000 


38.0 


8309 






CS-Wl 


1700 


29.9 


30 


70.0 


79 






CS-W2 


1900 


34.5 


32 


95.0 


116 






CS-W3 


130 


31.9 


100 


38.0 


104 






CS-W4 


850 


8.2 


900 


35.0 


4864 






CS-W5 


2450 


12.4 


275 


70.0 


1601 






CS-W6 


7000 


7.9 


425 


65.0 


3448 






CS-W7 


1400 


11.1 


170 


50.0 


742 






CS-W8 


1050 


12.8 


165 


45.0 


677 






CS-EI 


97 


25.8 


51 


66.0 


78 






CS-E2 


128 


24.6 


63 


590 


84 






CS-E3 


150000 


32.6 


29 


122.0 


743 






CS-E4 


1200 


26.8 


1500 


24.0 


1500 






CS-E5 


1300 


21.2 


1500 


17.0 


1500 






CS-E6 


12500 


8.8 


1200 


24.0 


3676 






CS-E7 


5900 


10.1 


410 


66.0 


2228 






CS-E8 


3100 


110 


310 


73.0 


2014 






CS-E9 


725 


36.9 


650 


45.0 


706 






CS-EIO 


1060 


21.4 


740 


24.0 


805 






CS-El 1 


290 


18.6 


225 


45.0 


304 






CS-E12 


710 


16.8 


158 


66.0 


238 
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Testing Conducted by the Montana Department of 


Transportation Materials Laboratory 


Sample 


pH 




Conductivity 




Resistivity 




Sulfate Chloride 


Number 


paste 1:2 


Paste 


1:1 1:2 


Paste 


1:1 


1:2 








(mmhos/cm) 


(mmhos/cm) (mmhos/cm) 


(ohm-cm) 


(ohm-cm) 


(ohm-cm) 


(%) (%) 


D1-S3 


6.5 6.6 


0.16 


0.13 0.07 


6250.0 


7462.7 


14492.8 


Trace Trace 


D1-S5 


6.2 6.4 


0.11 


0.10 0.05 


9174.3 


10101.0 


18867.9 


Trace Trace 


D1-S9 


7.7 7.9 


0.17 


0.17 0.08 


5747.1 


5952.4 


12048.2 


Trace Trace 


Dl-Sll 


7.4 7.6 


0.27 


0.26 0.18 


3773.6 


3802.3 


5681.8 


Trace Trace 


D1-S13 


8.0 8.4 


0.25 


0.21 0.14 


4000.0 


4830.9 


7042.3 


Trace Trace 


D1-S15 


7.1 7.2 


0.14 


0.12 0.09 


7194.2 


8196.7 


10989.0 


Trace Trace 


D2-S1 


9.0 9.4 


1.51 


1.22 1.02 


664.0 


817.0 


983.3 


0.11 0.01 


D2-S6 


8.0 8.4 


0.17 


0.11 0.13 


6024.1 


8849.6 


7518.8 


Trace Trace 


D2-S8 


8.7 9.5 


1.16 


1.13 0.80 


865.8 


888.1 


1245.3 


0.033 0.014 


D2-S12 


7.6 8.1 


0.66 


0.64 0.46 


1519.8 


1574.8 


2155.2 


0.04 Trace 


D3-S2 


3.3 3.4 


0.90 


0.79 0.72 


1106.2 


1265.8 


1396.6 


0.53 Trace 


D3-S8 


8.3 8.6 


6.41 


6.23 4.54 


155.9 


160.6 


220.2 


0.0171 Trace 


D3-S10 


7.9 8.3 


0.56 


0.50 0.39 


1801.8 


1984.1 


2551.0 


0.045 Trace 


D4-S1 


7.8 8.0 


2.62 


4.12 3.76 


381.4 


242.6 


265.8 


1.34 0.002 


D4-S3 


8.0 8.4 


0.52 


0.93 0.88 


1938.0 


1070.7 


1131.2 


0.03 0.0015 


D4-S12 


8.6 9.7 


1.02 


0.88 0.68 


982.3 


1141.6 


1470.6 


0.071 0.003 


D5-S1 


6.9 7.9 


0.59 


0.38 0.29 


1703.6 


2659.6 


3496.5 


Trace Trace 


D5-S7 


7.7 8.3 


0.43 


0.34 0.24 


2314.8 


2985.1 


4255.3 


Trace Trace 


D5-S10 


7.8 8.2 


0.28 


0.20 0.17 


3558.7 


5050.5 


5780.3 


Trace Trace 


D5-S13 


7.3 7.7 


0.31 


0.19 0.16 


3194.9 


5181.3 


6369.4 


Trace Trace 


Quality Control 
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Sample 


pH 




Conductivity 




Resistivity 




Sulfate Cliloride 


Number 


paste 1:2 


Paste 


1:1 1:2 


Paste 


1:1 


1:2 








(mmhos/cm) 


(mmhos/cm) (mmhos/cm) 


(ohm-cm) 


(ohm-cm) 


(ohm-cm) 


(ppm) (ppm) 


D1-S3 


6.4 


0.59 


0.23 


1694.9 


4347.8 




34 10.3 


D1-S5 






0.10 






10000.0 




D1-S9 


8.5 




0.25 




4000.0 






Dl-Sll 


7.1 7.5 


1.36 


0.36 


735.3 




2777.8 


25 127.4 


D1-S13 






0.33 0.18 




3030.3 


5555.6 




D1-S15 






0.23 0.10 




4347.8 


10000.0 




D2-S1 


8.6 


4.59 


2.26 


217.9 


442.5 




672 604.7 


D2-S6 


8.7 


1.06 


0.19 


943.4 




5263.2 




D2-S8 






1.03 0.63 




970.9 


1587.3 


116 12.4 


D2-S12 


8.1 




0.95 0.47 




1052.6 


2127.7 




D3-S2 




3.88 


2.00 


257.7 


500.0 






D3-S8 






7.04 4.20 




142.0 


238.1 


8401 68.6 


D3-S10 


7.8 


1.13 


0.82 


885.0 


1219.5 




149 19.7 


D4-S1 


7.7 


6.77 


4.25 


147.7 


235.3 




5439 79.6 


D4-S3 


7.8 


0.64 


0.83 0.30 


1562.5 


1204.8 


3333.3 


1887 6.1 


D4-S12 


9.7 




0.94 






1063.8 




D5-S1 




1.21 


0.25 


826.4 




4000.0 


127 9.1 


D5-S7 


8.2 




0.47 0.16 




2127.7 


6250.0 


77 14.6 


D5-S10 


7.6 


0.63 


0.10 


1587.3 




10000.0 




D5-S13 


7.3 




0.37 0.14 




2702.7 


7142.9 
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Testing Conducted by the Montana Department of Transportation Materials Laboratory 




Sample 


pH 


Conductivity 


Resistivity 


Sulfate 


Chloride 


Number 


paste 1:2 


Paste 1:1 1:2 


Paste 1:1 1:2 










(mmhos/cm) (mmhos/cm) (mmhos/cm) 


(ohm-cm) (ohm-cm) (ohm-cm) 


(%) 


(%) 


D1-S3 


6.5 6.6 


0.16 0.13 0.07 


6250.0 7462.7 14492.8 


Trace 


Trace 


D1-S5 


6.2 6.4 


0.11 0.10 0.05 


9174.3 10101.0 18867.9 


Trace 


Trace 


Dl-Sll 


7.4 7.6 


0.27 0.26 0.18 


3773.6 3802.3 5681.8 


Trace 


Trace 


D1-S15 


7.1 7.2 


0.14 0.12 0.09 


7194.2 8196.7 10989.0 


Trace 


Trace 


D2-S6 


8.0 8.4 


0.17 0.11 0.13 


6024.1 8849.6 7518.8 


Trace 


Trace 


D2-S12 


7.6 8.1 


0.66 0.64 0.46 


1519.8 1574.8 2155.2 


0.04 


Trace 


D3-S2 


3.3 3.4 


0.90 0.79 0.72 


1106.2 1265.8 1396.6 


0.53 


Trace 


D4-S3 


8.0 8.4 


0.52 0.93 0.88 


1938.0 1070.7 1131.2 


0.03 


0.00 


D4-S12 


8.6 9.7 


1.02 0.88 0.68 


982.3 1141.6 1470.6 


0.07 


0.00 


D5-S7 


7.7 8.3 


0.43 0.34 0.24 


2314.8 2985.1 4255.3 


Trace 


Trace 


D5-S10 


7.8 8.2 


0.28 0.20 0.17 


3558.7 5050.5 5780.3 


Trace 


Trace 


D5-S13 


7.3 7.7 


0.31 0.19 0.16 


3194.9 5181.3 6369.4 


Trace 


Trace 
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D1-S3 


6.5 6.7 


0.133 0.103 0.082 


7,519 9,709 12,195 


Trace 


Trace 


D1-S5 


6.4 6.5 


0.066 0.071 0.066 


15,152 14,085 15,152 


Trace 


Trace 


Dl-Sll 


7.2 7.3 


0.33 0.3 0.21 


3,030 3,333 4,762 


Trace 


Trace 


D1-S15 


6.9 7.1 


0.16 0.14 0.09 


6,250 7,143 11,111 


Trace 


Trace 


D2-S6 


7.9 8.3 


0.18 0.13 0.13 


5,555 7,692 7,692 


Trace 


Trace 


D2-S12 


7.6 8 


0.67 0.63 0.44 


1,493 1,587 2,273 


0.04 


Trace 


D3-S2 


3.3 3.4 


0.89 0.89 0.88 


1,123 1,123 1,136 


0.42 


Trace 


D4-S3 


7.9 8.1 


0.54 0.56 0.2 


1,852 1,786 5,000 


Trace 


Trace 


D4-S12 


8.4 9.2 


1.03 0.87 0.73 


971 1,149 1,370 


0.07 


Trace 


D5-S7 


7.7 8.1 


0.4 0.32 0.24 


2,500 3,125 4,166 


Trace 


Trace 


D5-S10 


7.9 8 


0.23 0.18 0.16 


4,378 5,555 6,250 


Trace 


Trace 


D5-S13 


7.2 7.5 


0.23 0.2 0.17 


4,378 5,000 5,882 


Trace 


Trace 
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Sample 


pH 


Conductivity 


Resistivity 


Sulfate 


Chloride 


Number 


paste 1 :2 


Paste 1:1 1:2 


Paste 1:1 1:2 










(mmhos/cm) (mmhos/cm) (mmhos/cm) 


(ohm-cm) (ohm-cm) (ohm-cm) 


(ppm) 


(ppm) 


D1-S3 


6.4 


0.59 0.23 


1694.9 4347.8 


34 


10.3 


D1-S5 




0.10 


10000.0 






Dl-Sll 


7.1 7.5 


1.36 0.36 


735.3 2777.8 


25 


127.4 


D1-S15 




0.23 0.10 


4347.8 10000.0 






D2-S6 


8.7 


1.06 0.19 


943.4 5263.2 






D2-S12 


8.1 


0.95 0.47 


1052.6 2127.7 






D3-S2 




3.88 2.00 


257.7 500.0 






D4-S3 


7.8 


0.64 0.83 0.30 


1562.5 1204.8 3333.3 


1887 


6.1 


D4-S12 


9.7 


0.94 


1063.8 






D5-S7 


8.2 


0.47 0.16 


2127.7 6250.0 


77 


14.6 


D5-S10 


7.6 


0.63 0.10 


1587.3 10000.0 






D5-S13 


7.3 


0.37 0.14 


2702.7 7142.9 
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D1-S3 


6.3 


0.66 0.22 


1515.2 4545.5 






D1-S5 


6.5 


0.08 


12500.0 






Dl-Sll 


7.2 


1.63 0.43 


613.5 2325.6 






D1-S15 


7.2 


0.25 0.13 


4000.0 7692.3 






D2-S6 


8.4 


1.17 0.18 


854.7 5555.6 






D2-S12 


8.2 


1.03 0.59 


970.9 1694.9 






D3-S2 


1.4 


4.14 1.88 


241.5 531.9 






D4-S3 


8.2 


1.14 0.49 


877.2 2040.8 






D4-S12 


9.8 


0.53 


1886.8 






D5-S7 


8.4 


0.47 0.23 


2127.7 4347.8 






D5-S10 


8.1 


0.75 0.13 


1333.3 7692.3 






D5-S13 


7.3 


0.39 0.22 


2564.1 4545.5 
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Laboratory Testing 


Cu 


vert Information 


AASHTO T288 




MDT 






Sample 


AASHTO 




1:2 










Estimated 


Percent 




Estimated 


Percent 


Recommendations 


Number 


Resistivity 


dH 


Resistivity 


Condition 


Age 


Coatine 


Recommendation 


Life 


Life Used 


Recommendation 


Life 


Life Used 


Comparison 


Dl-Sl 


9400 


7.1 


17241 


fair 


20 


asphalt 


galvanized 


65 


31 


galvanized 


73 


28 


same 


D1-S2 


9720 


6.4 


22727 


fair 


20 


asphalt 


galvanized 


50 


40 


galvanized 


60 


33 




D1-S3 


4300 


6.5 


14492 


good 


15 


blakclad 


galvanized 


41 


36 


galvanized 


56 


27 


same 


D1-S4 


12200 


7.1 


26315 


good 


20 


Bituminous 


galvanized 


68 


29 


galvanized 


78 


26 


same 


D1-S5 


8800 


6.2 


18867 


good 


20 


galvanized 


galvanized 


46 


43 


galvanized 


55 


36 


same 


D1-S6 


5400 


6.7 


18868 


good 


25 


galvanized 


galvanized 


47 


53 


galvanized 


62 


40 


same 


D1-S7 


3200 


7.7 


12345.7 


fair 


20 


galvanized 


galvanized 


80 


25 


galvanized 


140 


14 


same 


D1-S8 


11500 


7.7 


38462 


fair 


30 


galvanized 


galvanized 


136 


22 


galvanized 


223 


13 


same 


D1-S9 


4900 


7.7 


12048.2 


good 


3 


none 


galvanized 


96 


3 


galvanized 


139 


2 


same 


Dl-SlO 


3280 


7.9 


8130 


good 


15 


none 


galvanized 


81 


18 


galvanized 


118 


13 


same 


Dl-Sl 1 


2450 


7.4 


5681.82 


good 


9 


none 


galvanized 


72 


12 


galvanized 


102 


9 


same 


D1-SI2 


3000 


8.1 


7246 


good 


20 


none 


galvanized 


78 


26 


galvanized 


112 


18 


same 


D1-S13 


1880 


8 


7042 


fair 


48 


none 


bituminous/polymeric 


65 


74 


galvanized 


111 


43 


different 


D1-S14 


3100 


7.7 


7353 


good 


15 


none 


galvanized 


79 


19 


galvanized 


113 


13 


same 


D1-S15 


3900 


7.1 


10989 


good 


20 


none 


galvanized 


55 


37 


galvanized 


67 


30 


same 


D1-S16 


3680 


7.8 


4385 


good 


5 


none 


galvanized 


85 


6 


galvanized 


92 


5 


same 


D2-SI 


425 


9 


983 


poor 


64 


galvanized 


no steel 


35 


182 


bituminous/polymeric 


50 


129 


different 


D2-S2 


725 


8 


2127 


poor 


64 


galvanized 


fiber-bonded 


44 


146 


bituminous/polymeric 


68 


94 


different 


D2-S3 


828 


8 


2557 


poor 


64 


galvanized 


bituminous/polymeric 


46 


138 


galvanized 


73 


87 


different 


D2-S4 


3780 


8.1 


8000 


poor 


64 


galvanized 


galvanized 


86 


74 


galvanized 


117 


55 


same 


D2-S5 


4350 


8.2 


8850 


fair 


64 


galvanized 


galvanized 


91 


70 


galvanized 


122 


52 


same 


D2-S6 


2900 


8 


7519 


fair 


64 


galvanized 


galvanized 


77 


83 


galvanized 


114 


56 


same 


D2-S7 


4880 


8.4 


9901 


fair 


64 


galvanized 


galvanized 


96 


67 


galvanized 


128 


50 


same 


D2-S8 


395 


8.7 


1245 


poor 


70 


galvanized 


no steel 


34 


205 


bituminous/polymeric 


55 


128 


different 


D2-S9 


1780 


8.2 


5714 


poor 


70 


galvanized 


bituminous/polymeric 


63 


111 


galvanized 


102 


69 


different 


D2-S10 


525 


8.1 


1546 


poor 


70 


galvanized 


fiber-bonded 


38 


183 


bituminous/polymeric 


60 


117 


different 


D2-SU 


130 


9.3 


291 


poor 


70 


galvanized 


no steel 


22 


324 


no steel 


30 


233 


same 


D2-S12 


838 


7.6 


2155 


poor 


70 


galvanized 


bituminous/polymeric 


46 


151 


bituminous/polymeric 


68 


102 


same 


D2-S13 


1720 


7.5 


4274 


poor 


70 


galvanized 


bituminous/polymeric 


62 


112 


galvanized 


91 


77 


different 


D2-SI4 


822 


7.4 


2020 


poor 


70 


galvanized 


bituminous/polymeric 


46 


152 


bituminous/polymeric 


67 


105 


same 


D2-SI5 


2450 


8 


5525 


poor 


70 


galvanized 


galvanized 


72 


97 


galvanized 


101 


70 


same 


D3-S1 


882 


3.8 


2941 


poor 


30 


galvanized 


no steel 


2 


1204 


no steel 


17 


177 


same 


D3-S2 


585 


3.3 


1397 


poor 


30 


galvanized 


no steel 


-5 


-633 


no steel 


6 


527 


same 


D3-S3 


620 


3.3 


1473 


poor 


30 


galvanized 


no steel 


-4 


-742 


no steel 


6 


475 


same 


D3-S5 


2300 


4.4 


6711 


poor 


30 


galvanized 


no steel 


17 


177 


no steel 


30 


101 


same 


D3-S7 


168 


8 


379 


good 


10 


epoxy 


no steel 


24 


42 


no steel 


34 


30 


same 


D3-S8 


98 


8,3 


220 


good 


10 


epoxy 


no steel 


19 


52 


no steel 


27 


37 


same 


D3-SI0 


815 


7,9 


2551 


good 


30 


galvanized 


bituminous/polymeric 


46 


65 


galvanized 


73 


41 


different 


D3-SI1 


1200 


7,5 


5263 


good 


30 


galvanized 


bituminous/polymeric 


54 


56 


galvanized 


99 


30 


different 


D4-SI 


300 


7,8 


266 


poor 


23 


galvanized 


no steel 


30 


75 


no steel 


29 


79 


same 


D4-S2 


245 


7,7 


229 


poor 


23 


galvanized 


no steel 


28 


82 


no steel 


27 


84 


same 


D4-S3 


582 


8 


1131 


poor 


23 


galvanized 


fiber-bonded 


40 


58 


bituminous/polymeric 


53 


44 


different 


D4-S4 


250 


91 


375 


poor 


30 


galvanized 


no steel 


28 


106 


no steel 


33 


90 


same 


D4-S5 


300 


7,9 


444 


poor 


30 


galvanized 


no steel 


30 


98 


no steel 


36 


84 


same 


D4-S6 


385 


5.3 


781 


poor 


30 


galvanized 


no steel 


1 


3263 


fiber-bonded 


9 


319 


different 


D4-S7 


538 


7.8 


952 


poor 


7 


galvanized 


fiber-bonded 


39 
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